TID-4005 (Pt. 1, Th Ed) 2

#  Summaries
£ of the
; USAEC
# Basic Research
Programs in
Metallurgy,

Solid State Physics
and Ceramics

X3
United States Mty
Atomic Energy Commission
Division of Technical Information




LEGAL NOTICE

This report was prepared as an account of Government sponsored work, Neither the United
States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, completeness, or usefulness of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with vespect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission’’ includes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee of such contractor prepares,
disseminates, or provides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor,

This report has been reproduced directly from the best
available copy.

Printed in USA. Price $4.50. Available from the Office of
Technical Services, Department of Commerce, Washington
25, D. C.

USAEC Diviion of Technical Information Extertion, Ook Ridge, Teaneswes



T1D-4005(Pt.1, 7th Ed.)

METALS, CERAMICS, AND MATERIALS
(TID-4500, 25th Ed.)

SUMMARIES OF THE USAEC BASIC RESEARCH
PROGRAMS IN METALLURGY, SOLID STATE
PHYSICS AND CERAMICS

January 1964
[DTIE Issuance Date]

Division of Research, AEC
Washington 25, D. C.



TABLE OF CONTENTS

Pages
INTRODUCTION xvii
PART I - RESEARCH IN AEC LABORATORIES
I. Ames Laboratory 3
Metallurgy Division -~ F., H. Spedding, 0. N. Carlson and staff 3
A. Preparation and Properties of Pure Materials 3
1. Preparation of Pure Metals and Metal Compounds - 3
0. N. Carlson, R. E. McCarley, et al.
2. Elastic Properties - J. F. Smith L
3. Effect of Impurities on the Plastic Deformation of 4
Metals - O. N. Carlson, D. T. Peterson and H. A. Wilhelm
B. Properties of Alloys 5
1. Structure and Deformation Properties of Superlattices 5
F. X. Kayser
2. Structures and Thermodynamic Properties of Intermetallic 5
Compounds ~ J. F. Smith, D. T. Peterson and P. Chiotti
3. Properties of Metallic Solutions - D. T. Peterson, A. H. 6
Daane and F. X. Kayser
Solid State Division - F. H. Spedding, D. J. Zaffarano and staff
1. Electronic Structure of Crystalline Solids - R. G. Barnes 9
et al. 9
2. Superconductivity - A. R. Mackintosh, F. H. Spedding 10
and C. A. Swenson
3. Thermodynamic Properties of Solids - G. C. Danielson, 10
et al.
4. Properties of Rare Earth Metals and Compounds - R. H. 11
Good, et al.
5. Semiconductors and Compounds with Variable Stoichiometry 11
G. C. Danielson, et al.
6. Ionic Crystals and Color Centers — R. G. Barnes, 12
Ronald Fuchs and D. W. Lynch
II. Argonne National Laboratory 16
Metallurgy Division - H. H. Chiswik and staff 16
A. Physical Metallurgy of Basic Reactor Materials L. T. Lloyd 16
1. Flastic Constant Studies - E. S. Fisher o 16
2. Diffusion Studies - N. L. Peterson and R. J. Rothman 17
3. Magnetic Susceptibility Studies - D. J. lLam-and D. O. 17
Van Ostenburg ,
4. Plutonium Physical Metallurgy - A. F. Berndt, et al. 18

i



Pages

5. Plastic Deformation of Alpha - Zirconium Crystals - 18
D. G. Westlake '
B. Alloy Studies : 19
1. Occurrence of Transition Element Intermediate Phases - 19
A. T. Aldred, et al.
2. Thermodynamic Properties of Transition Metal Alloys - 19
J. B. Darby, Jr. and K. M. Myles

3. Electronic Structures of Solid Solutions and Inter- 20
mediate Phases - A. T. Aldred and D. J. Lam

L. Nuclear Magnetic Resonance Studies in Metals and Alloys - 21
D. J. Lam and D. 0. Van Ostenburg

5. TFerromagnetism in Transition Metal Alloys - A. T. 21
Aldred and M. V. Nevitt

6. Phase Relationships in Systems of Thoride Elements with 21

Carbon - S. Rosen
7
8

. Miscibility of lLaves Phases - J. B. Darby, Jr. and 22
D. J. Lam
. Superconducting Transition Temperatures of Cr3O - 22
type Ternary Phases - 3. T. Zegler
C. Neutron and X-ray Diffraction Studies S. S. Sidhu 23
1. Magnetic Structure Studies 23
a. Crystal Structure Variations in Alpha Uranium at 23

Low Temperatures - M. H. Mueller
b. Atomic and Magnetic Ordering in MnCo and (Mn,Co), 23
C - N. 5. S. Murthy and S. S. Sidhu

2. Crystal Structure Studies 24
a. Zirconium - Deuterium System - N. S. S. Murthy 24
and S. S. Sidhu
b. Coordination Compound - M. H. Mueller and S. H. 2y
Simonsen _
¢. Oxides - M. H. Mueller ' 25
3. Liquid Metal Studies - LeRoy Heaton and Clifford 25
Thompson
4. Thermal Neutron Coherent Scattering Amplitudes - 25
M. H. Mueller
D. Irradiation Effects in Metals 25
1. Low Temperature Irradiation Effects — T. H. Blewitt 25
2. Radiation Effects in Anisotropic Solids - B. Loomis 26
3. Transmission Electron Microscopy Studies of Fission 26
Fragment Damage in Solids - R. K. Hart and K. Merkle
4. Irradiation and Solid Solution Strengthening Effects 26
of Copper Single Crystals - T. Koppenaal
5. Effect of Neutron Irradiation on Precipitation - 27
J. Horak
E. Corrosion Research J. E. Draley 27
1. Electron Optical Study of Surface Reaction Products - 28
R. K. Hart
2. (Oxidation of Zirconium - R. D. Misch 28
3. The Kinetics of Aqueous Aluminum Corrosion - S. Mori <9
4. The Aqueous Corrosion of Aluminum Alloys at Elevated 29
Temperatures - W. E. Ruther
5. Polarization Studies - J. E. Draley 30

ii



F. Physical Ceramics Research

1. Dislocations and Neutron - Induced Defects in (xides -~

P. F. Stablein
2. Determinations of Work Functions - C. A. Arenberg
3. The Effect of Surface Defects and Topology upon the
Catalytic Activity of Solid Oxides - M. L. Volpe
Physical Research in Solid State Divisions - 0. C. Simpson
A. Application of Resonance Effects to the Study of Solids
1. Optical and Spin Resonance Properties of Single
Crystals -~ Color Center Research - C. J. Delbecq,
et al.
2. Electron and Nuclear Magnetic Resonance Studies -
E. Avery, et al.
a, Electron Spin Resonance - E. Avery, J. Gabriel
and B. Smaller
b. Nuclear Magnetic Resonance of Stable or Long-
ILived Nuclides - D. O'Reilly, T. Tsang and
G. Schacher
¢. Nuclear Magnetic Resonance of Short-Lived
Nuclides ~ D. Connor and D. Davis
3. Solid State Mossbauer Experiments - J. Mullen
B. Experimental Studies of Material Classes
1. The Physical and Chemical Properties of Graphite -
W. Bollmann, et al.
2. Low-Temperature Radiation Effects in Hydrogen
Bonded Glasses - J. A. McMillan
3. Physics of Metals - G. Arai, et al.
a. X-Ray Diffraction Studies - G. Arai and
L. Guttman

b. Fermi Surface Studies in Semi-Metals - S. Eckstein,

et al.
c. Point Defect Reactions in Platinum -~ J. Jackson
C. Interaction of Radiation with Matter
1. Inelastic Scattering of Subthermal Neutrons -
D. Connor and J. Rush
2. Radiation Damage to Various Solid Materials -
W. Primak
D. Low Temperature Physics - O. V. Lounasmaa and J. Mullen
E. Solid State Theory - T. Arai, et al.
a. Theory of Exchange Interaction in Magnetism -
T. Arai
b. Electronic Structure of Semiconductors -
F. Bassani and D. Brust
¢. Many-Body Theory in Crystals - F. Bassani and
J. Robinson
d. Cohesion and Thermodynamic Properties of Ionic
Crystals -~ F. Fumi and M. Tosi
e. Ab Initio Calculations of Electronic Systems -
P. Bagus and T. Gilbert
f. Slow Neutron Scattering and Atomic Motions
in ILiquids - A. Rahman and K. Singwi

iii

Pages
30
30

30
31

33
33
33
34
34

34

34
35
35
35
36

36
36

36
37

37
37

38
38
39
39
39
39
39
39
4O

40



Pages

III. Brookhaven National Laboratory 43
Metallurgy Division - D. Gurinsky and staff 43

A. Liquid Metals L3

1. Iliquid Alloy Reactions - J. R. Weeks ' 43

B. Radiation Effects on Metals 43

1. Fundamental Study of Neutron Irradiation on 43

.the Mechanical Properties of Iron and Other
BCC Metals - J. Chow and J. S. Bryner

2. Interaction of Energetic Particles with Ly
Metals and Compounds - J. J. Kelsch
3. Diffusion Studies in Ceramic Materials - L
A. Auskern
C. Graphite Studies 45
1. Interaction of Graphite with its Lamellar L5
Compounds - S. Aronson
2. Electrical Properties of Irradiated Graphlte - L5
S. Aronson
3. Radiation Damage of Graphite - L6
D. G. Schweitzer
Solid State Division - G. J. Dienes, G. H. Vlneyard L8
and staff
A. Radiation Effects L8
1. Optical, Ultrasonic and Magnetic Resonance : L8
Studies of Insulators - P. W. levy, et al.
2. Effect of Irradiation on Solid-State 49
Reactions = D. T. Keating, et al.
3. Chemical Effects of Irradlatlon -~ P. W. Levy L9
and J. Jach
4. Theoretical Calculations - G. J.Dienes, et al. 49
a. Radiation Damage Events 49
b. Impurity Effects on lattice Vibrational 50
Spectra
¢. Point Defect Annealing - 50
B. Neutron Diffraction Research 51
1. Studies of Magnetic Materlals - R. Nathans, 51
et al.
2. Studies of Non-Magnetic Solids - G. J. Dienes, 52
et al.
IV. University of California, lawrence Radiation 54
Laboratory -
Inorganic Materials Research Division - A. W. Searcy 54
A. Mechanical Properties of Metals and Alloys 54
1. Rate Controlling Deformation Mechanism - 54
J. E. Dorn '
2. Effects of Dispersed Phases on Properties of 55
Metals and Alloys - L. Himmel. ,
3. Theoretical and Experimental Properties of 55
Materials - E. R. Parker
L. Relationship Between Structure and Properties 55
of Crystalline Materials - G. Thomas
5. Influence of Crystal Imperfections on 56

Mechanical Studies - J. Washburn

iv



Pages
B. Properties of Ceramics _ 56
1. Ceramic Systems: Mechanical Behavior of 56
Multiphase Systems, Internal Strain -
R. M. Fulrath

2. Ceramic Systems: High Temperature Reactions - 57
A. W. Searcy )
3. Ceramic Systems: Mechanical Behavior of 57

Microstructures, Solid State Reactions
and Glass Metal Interfaces - J. A. Pask

C. Thermodynamics 58
1. Thermodynamic Functions for the Metallic 58
State - Ralph Hultgren
Hanford Atomic Products Operation, General Electrlc : 59
Company
Plutonium Physical Metallurgy Research - J. J. Cadwell, 59
et al.
Radiation Effects on Metals - J. J. Cadwell, et al. 60
Union Carbide Nuclear Company, Oak Rldge Natlonal 62
Laboratory '
Metallurgy Division - John Frye, Dlrector and staff 62
A. Crystal Physics 62
1. Crystal Growth - G. W. Clark, et al. 62
B. Physical Metallurgy - ‘ 63
1. Theory of Alloying - J. O. Betterton and 63
G. D. Kneip
2. Relation of Properties to Structure of 63

Metals - C. J. McHargue, R. E. Reed and
R. A. Vandermeer

3. Metallurgy of Superconducting Materials - 6l
M. L. Picklesimer, E. E. Barton and
G. R. Love
4. Deformation in Crystalline Solids - R. O. 6l
Williams, J. A. Wheeler and R. Arsenault
C. Ceramics Research , 65
1. Sintering Studies - C. S. Morgan and C. S. 65
Yust
D. Structure and Physical Properties of Liquids 65
and Solids
1., Physical Property Studies - D. L. McElroy, 65
W. Fulkerson and T. G. Kollie
2. Spectroscopy of Ionic Media - G. P. Smith, 66
C. R. Boston and H. W. Joy '
3. Fundamental Research in X-Ray Diffraction - 66
H. L. Yakel, B. S. Borie and C. J. Sparks _
E. Chemical Properties of Solids 67
1. Reactions at Metal Surfaces - J. V. Cathcart, 67
R. E. Pawel and G. F. Peterson
Solid State Division - D. S. Billington and staff 69
A. Theoretical Studies ‘ 69
1. Range Calculations - D. K. Holmes, et al. 69
2. Sputtering Theory - M. T. Roblnson and - 70
C. Lehmann '



3. Semiconductor Theory - H. C. Schweinler and
J. W. Miller
4. Other Theoretical Work -~ H. C. Schweinler
B. Radiation Effects in Semiconductors - 0. L. Curtis,
et al.
C. Radiation Effects in Metals
1. Role of Defects in Surface Reactions -
F. W. Young, Jr., et al.
2. Effects of Low Temperature Irradiation
R. R. Coltman, et al.
3. Internal Frlctlon Studies - D. 0. Thompson
and V. K. Pare

L. Sputtering - A. L. Southern and
M. T. Robinson
5. Effects of Irradiation on Superconductivity -
S. T. Sekula and W. T. Gerg
6. TFission Track Studies - T. S. Noggle and B. F. Day
D. Radiation Effects in Insulating Crystals -

J. H. Crawford, Jr., et al.
1. Color Center Studies - E. Sonder and W. A. Sibley
2. Magnetic Properties ~ E. Sonder and L. C. Templeton
3. Radiation Hardening ~ W. A. Sibley
L. ZElectron Spin Resonance Investigations - R. A.
Weeks
5. Scintillation and Luminescence - R. B. Murray
and A. Meyer

PART II - OFFSITE RESEARCH

Alabama, Univ. of, AT(40-1)-3090; Edward H. Carlson,
"f-SHELL TRANSITION STUDIES"

Andrews University, Berrien Springs, Michigan,
AT(11-1)~972; Donald D. Snyder, MECHANICAL PROPERTIES
OF SEPARATED METALLIC ISOTOPES

Arizona State Univ., Tempe, Arizona, AT(11-1)-715;
B. R. Gossick, AN INVESTIGATION OF THE OPTICAL

- AND ELECTRICAL PROPERTIES OF INSULATORS AND SEMI-
CONDUCTORS WHICH HAVE BEEN EXPOSED TO IONIZING
RADIATION

Arizona, Univ. of, Tucson, AT(11-1)-1040; D. J. Murphy,

THE FREQUENCY OF ANNEALING TWINS

AT(11-1)-1041; Carl T. Tomizuka,

IMPURITY DIFFUSION IN SOLIDS

Arkansas, Univ. of, Fayetteville, AT(AO—l) 2096

P. C. Sharrah and R. F. Kruh, STUDY OF STRUCTURES
OF LIQUIDS BY X-RAY DIFFRACTION

Armour Research Foundation, Chicago, AT(11l-1)- 578

Proj. No. 9; J. J. Markham, MAGNETIC PROPERTIES OF

INSULATORS

AT(11-1)-578, Proj. No. 19; Rodney P. Elliott,

ALLOYING CHARACTERISTICS OF THE RARE EARTH ELEMENTS

WITH THE TRANSITION ELEMENTS

vi

Pages
70

71
71

71
71

72
72
72
72

72
73

73
73
73
Th

h

83
84

85

86
87
88

g0

91



Atomics International, A Division of North American
Aviation, Inc., Canoga Park, Calif., AT(11-1)-Gen-8;
A. Sosin, T. G. Berlincourt and staff, SOLID STATE
PHYSICS AND DEFECT PROPERTIES
A. Electronic Structure of Metals and Alloys - T. G.
Berlincourt, et al.

B. Defect-Controlled Processes in Metals and Alloys -
A. Sosin, C. J. Meechan and D. Kramer

C. Radiation Damage in Crystalline Solids - A. Sosin,
et al. )

Battelle Memorial Institute, Columbus, Ohio,

W-7405-ENG-92; Peter S. Rudman, THE CHARGE OF INTERSTITIAL
IONS IN GROUPS IV-A AND V-A TRANSITION METALS

Bausch & Lomb Incorporated, Rochester, New York, _
AT(30-1)-1312; N. J. Kreidl, IRRADIATION DAMAGE TO GLASS

Brown Univ., Providence, R. I., AT(30-1)-2024; Philip J.
Bray, RADIATION DAMAGE STUDIES IN SOLIDS USING MAGNETIC
RESONANCE TECHNIQUES '
AT(30-1)-2394; Joseph Gurland, ANALYSIS OF STRUCTURES OF

TWO-PHASE ALLOYS

California 1inst. of Tech., Pasadena, AT(04-3)-221;

Pol Duwez, FUNDAMENTAL STUDIES OF MATERTALS PERTAINING
TO NUCLEAR ENGINEERING

AT(04-3)-473; D. S. Wood and T. Vreeland, Jr.,

A STUDY OF DISLOCATION MOBILITY AND DENSITY IN METALLIC
CRYSTATLS

California, Univ. of, Berkeley, AT(11-1)-34, Proj. No. 47;
Alan M. Portis, MICROWAVE FARADAY ROTATION AND OTHER STUDIES
AT(11-1)-34, Proj. No. 76; Klaus Dransfeld, PHONON RESEARCH

IN SOLIDS (PRS)

California, Univ. of, Riverside, AT(11-1)-34, Proj. No. 77;
A. W. Lawson, PRESSURE INDUCED METALLIC CONDUCTIVITY IN
TRANSITION METAL OXIDES AND RELATED COMPOUNDS

California, Univ. of, Los Angeles, AT(11-1)-34, Proj. No.
103; R. A. Satten, SPECTROSCOPIC STUDY OF LATTICE VIBRATIONS
IN CRYSTALLINE SOLIDS

Carnegie Inst. of Tech., Pittsburgh, AT(30-1)-2314; Paul G.
Shewmon, SURFACE DIFFUSION ON METALS
AT(30-1)-2360; W. 0. Philbrook, THERMAL SONDUCTIVITY OF

INORGANIC MELTS

Carnegie Inst. of Tech., Pittsburgh, AT(30-1)-3001;

Charles L. Bauer, A STUDY OF THE INTERACTION BETWEEN

POINT DEFECTS AND DISLOCATIONS THROUGH DISLOCATION

DAMPING EXPERIMENTS

AT(30-1)-3033; D. A. Wiegand, RADIATION EFFECTS IN
SOLIDS

Case Inst. of Tech., Cleveland, Ohio, AT(11-1)-588;

R. F. Hehemann, KINETICS OF PHASE TRANSFORMATIONS IN
ZIRCONIUM-NIOBIUM ALLOYS
AT(11-1)-623; C. S. Smith, SOLID STATE PHYSICS

Catholic Univ. of America, Washington, D. C.,
AT(40-1)~2861; Paul H. E. Meijer, ULTRASONIC STUDIES OF
AIKALT METALS

vii

Pages
92

92
93
93
96

97
98

100

101

102

103
105
106

107

108
109

110

111

113

14
116



University of Chicago, AT(11-1)-357; C. S. Barrett, et al.,

RESEARCH ON THE SCIENCE OF MATERIALS
Cincinnati, Univ. of, Cincinnati, Ohio, AT(11-1)-1115;
Michael Hoch and Frank R. Meeks, MECHANISM OF COUNTER-
DIFFUSION IN METALLIC SYSTEMS
Clemson College, Clemson, S. C., AT{40-1)-3098;
Robert L. Chaplin, RADIATION EFFECTS IN CRYSTALLINE
MATERTALS
Colorado School of Mines, Golden, Colorado, AT(ll—l) 1173;
J. D. Lubahn, STRENGTH LIMITATIONS OF METALS
Columbia University, New York, AT(30~1)-2921;
Eugene S. Machlin, SHORT CIRCUIT DIFFUSIVITY -
Connecticut; Univ. of, Storrs, Conn., AT(30-1)-2047;
0. R. Gilliam, INVESTIGATIONS OF RADIATION EFFECTS IN
SOLIDS BY ELECTRON SPIN RESONANCE
Cornell Univ., Ithaca, New York, AT(30-1)-199L;
C. W. Spencer, LIQUID-SOLID INTERFACIAL TENSIONS IN
METAL ALLOY SYSTEMS
AT(30-1)-2150; Raymond Bowers and R. H. Silsbee,
SOLID STATE PHYSICS: MAGNETIC PHENOMENA
AT(30-1)-2391; R. L. Sproull and J. A. Krumhansl,
SOLID STATE PHYSICS: TRANSPORT AND RELATED PHENOMENA
AT(BO—l)—2h7l§ H. S. Sack, STUDY OF IMPERFECTIONS IN
CRYSTALS BY MEANS OF INTERNAL FRICTION MEASUREMENTS
AT(30-1)-2504; Arthur L. Ruoff, A STUDY OF RATE-
CONTROLLING PROCESSES IN DEFORMATION
AT(30-1)-2558; H. W. Weart SOLIDIFICATION REACTIONS
AT(30-1)-3029; J. Silcax and W. W. Webb, HARD
SUPERCONDUCTING MATERIALS
AT(30-1)-3087; John Sileax, CORRELATION OF PHYSICAL
PROPERTIES OF CRYSTALS WITH MICROSTRUCTURE
AT(30-1)-3228; Che-Yu Ii, SOLID-LIQUID INTERFACE
Delaware, Univ. of, Newark, Delaware, AT(30-1)-2722;
Leonard P. Skolnick, STATISTICAL THERMODYNAMICS OF
METALLIC SOLUTIONS
Denver, Univ. of, (Colorado Seminary), Denver, AT(11-1)-
1298; J. F. Nachman and C. E. Lundin, ALLOYING BEHAVIOR
OF THE RARE EARTHS
Fmory Univ., Atlanta, Georgia, AT(40-1)-2953; Robert H.
Rohrer and Randall W. Carter, THE DETERMINATION OF LOW
ENERGY X-RAY ABSORPTION COEFFICIENTS
Florida, Univ. of, Gainesville, Florida, AT(40-1)-2581;
F. N. Rhines and John Kronsbein, TOPOLOGICAIL STUDY OF
THE SINTERING PROCESS

AT(40-1)-2857; Albert G. Guy, THE NATURE OF ATOMIC BINDING

IN DILUTE SOLID SOLUTIONS
Franklin Inst. Iabs., Philadelphia, AT(30-1)-2730;
Martin A. Pomerantz, SOLID STATE INVESTIGATIONS
UTILIZING ELECTRON-BOMBARDMENT PHENOMENA
AT(30-1)-2994; H. G. F. Wilsdorf, SOLID STATE RESEARCH
General Mills, Inc., Mechanical Div., Minneapolis,
AT(11-1)-722; Gottfried K. Wehner, SURFACE BOMBARDMENT
STUDIES

viii

Pages
117

133

134

135
136
137

139

140

42

146

U9
150
151
152
153
154

155

156
157

158
159



Georgia Inst. of Tech., Atlanta, Georgia, AT(40-1)-2755;
Edwin J. Scheibner, SURFACE PROPERTIES OF MAGNETIC
MATERIALS o

Harvard Univ., Cambridge, Mass., AT(30-1)-1956; Bruce
Chalmers, REACTIONS BETWEEN SOLID AND LIQUID METALS AND
ALLOYS

Houston, Univ. of, Houston, Texas, AT(AO—l) 2573

I1.

H. K. Reynolds and J. C. Allred, SPUTTERING BY ION
BOMBARDMENT
Illinois, Univ. of, Urbana, I1l., AT(11-1)-1046;
G. M. Sinclair, MECHANICAL BEHAVIOR OF DILUTE ALLOYS OF
NIOBIUM
AT(11-1)-1198; R. J. Maurer and Associates,
THE SCIENCE OF MATERTALS
Very Low '[emperature Properties of Solids
A. Properties of Rare Gas Solids - R. 0. Simmons
B. Research on the Properties of Materials at Low
Temperatures ~ J. C. Wheatley
Intrinsic Structure and Properties of Solids
A. Electronic Specific Heat Study of the Alloys of
Transition Elements -~ P. A. Beck
B. High Pressure Studies of Inter- and Intra-
molecular Forces - H. G. Drickamer
C. Low Temperature Thermal Conductivity Studies -
M. V. Klein
D. Dielectric and Structural Investigation. of
Complex Compounds of the Perovskite Type ABO3
V. J. Tennery
E. Nuclear Magnetic Resonance Studies - T. J.
Rowland
F. Anharmonic Effects in Solids - A. V. Granato

III. Defect-Controlled Properties of Solids

A. Magnetic Resonance - C. P. Slichter
B. Point Imperfections in Solids - D. Lazarus
C. Point Defect - Dislocation Interactions -
H. K. Birnbaum
D. Dislocation and Surface Barriers - M. Metzger
E. Amnealing of Cold Worked Metals - B. G. Ricketts
F. Research on Radiation Damage - J. S. Koehler
Phase Changes and Precipitation in Alloys and
Glasses
A. Diffusionless Phase Changes in Non-Ferrous
Metals and Alloys -~ T. A. Read
B. Enthalpy Changes in Athermal Solid State Trans-
- formations - C. J. Altstetter
C. Structural Changes in Simple Glass Systems During
Nucleation of Crystalline Phases - C: G. Bergeron
D. Structural Changes in Simple Glass Systems During
Nucleation of Crystal Phases - A..L. Friedberg
Illinois Inst..of Tech., Chicago, AT(11-1)-1052;
Leonard I. Grossweiner,. INVESTIGATION OF ENERGY
TRANSFER PROCESSES BY FLASH PHOTQOLYSIS '
IBM Corporation, Yorktown Heights, New York,

ix

Pages
160

161
162
163

164

164
164
164

165
165

165
166
166

167
167
167
167
168
168
169
169
170
170
170
170
171’
171

173

175



AT(30-1)-2811; Arthur S. Nowick, DEFECTS IN METALLIC
AND IONIC CRYSTALS
Johns Hopkins Univ., Baltimore, AT(30-1)-2185;
J. A. Bearden, REDETERMINATION OF ABSOLUTE X-RAY
WAVELENGTH STANDARD
AT(30-1)-2543; J. A. Bearden, PRECISION X-RAY
WAVELENGTHS .
Kansas, Univ. of, Lawrence, Kansas, AT(11-1)-1197;
Robert J. Friauf, POINT DEFECTS IN IONIC CRYSTALS
Little, Arthur D., Inc., Cambridge, Mass.,
AT(30-1)-2756; Richard S. Davis, ROLE OF LATTICE
 IMPERFECTIONS IN BEHAVIOR OF SOLIDS
Interaction of Defects with Surfaces
Oxidation of Aluminum

" Louisiana State Univ., Baton Rouge, AT(40-1)-3087;

J. M. Reynolds, CONDUCTIVITY TENSORS IN METALS
AND SEMICONDUCTORS
Maryland, Univ. of., College Park, Maryland,

AT(40-1)-2068; Homer W. Schamp, Jr., PROCESSES OF

DIFFUSION AND ELECTRICAL CONDUCTION IN SOLIDS
Massachusetts Inst. of Tech., Cambridge, Mass.,

AT(30-1)-1002, Scope I; M. B. Bever, THERMO-

DYNAMICS AND OTHER ASPECTS OF METALLIC SYSTEMS

AT(30-1)-1310; W. A. Backofen, MECHANICAL PROPERTIES
OF METALS AT LOW TEMPERATURES .
AT(30-1)-1985; Thomas B. King, KINETICS OF REACTIONS
BETWEEN LIQUID METALS AND LIQUID SALTS

AT(30-1)-2574; W. D. Kingery, SOLID-STATE STUDIES IN
NON-CRYSTALLINE SYSTEMS

AT(30-1)-2879; B. L. Averbach and Morris Cohen,
ATOMIC ARRANGEMENTS AND IMPERFECTIONS
AT(30-1)-2909; Edward A. Mason and Robert C. Reid,
EFFECT OF RADIATION ON CRYSTAL GROWTH RATES

AT(30-1)-3020; B. E. Warren, A STUDY OF RADIATION
DAMAGE

AT(30-1)-3031% C. G. Shull, NEUTRON DIFFRACTION STUDIES
OF LOW TEMPERATURE PARAMAGNETIC ALIGNMENT IN SOLIDS-
AT(30-1)-3134; R.E. Ogilvie, FUNDAMENTALS OF DIFFUSION

AT(30-1)-3208; Harry C. Gatos, STUDIES ON THE DISTRI-

BUTION OF IMPURITIES IN SOLIDS
AT(30-1)-3168; M. T. Simnad and H. H. Uhlig,
IRRADIATION EFFECTS ON SURFACE REACTIONS
RELATION OF STRUCTURAL DEFECTS AND MICROSTRUCTURE TO
SUPERCONDUCTIVITY, George W. Pearsall
Massachusetts, Univ. of., Amherst, Mass., AT(30-1)-
3003; Richard S. Stein, STUDIES OF CRYSTAL ORIENTA-
TION IN IRRADIATED CRYSTALLINE POLYMERS
Materials Research Corp., Orangeburg, New York,
AT(30-1)-2980, Gerald Abowitz, SINGLE CRYSTAL
PREPARATION BY FLOATING-ZONE ELECTRON BEAM MELTING

Mellon Inst., Pittsburgh, AT(30-1)-2684;

T. B. Massalski, ALLOYS OF THE NOBLE METALS

Pages

176

177
178
179
179

179
180

181

182

183
184
185
187
189
190
19k

192
193

194
195
196

197

198



Michigan College of Mining and Technology,
Houghton, Michigan, AT(11-1)-916; A. A.
Hendrickson, STRUCTURE AND PROPERTIES OF
SOLID SOLUTIONS

Michigan State Univ., East Lansing, Mich.,
AT(11-1)-400; D. J. Montgomery, THERMAL
PROPERTIES OF SEPARATED METALLIC ISOTOPES
AT(11-1)-1042; Chuan T. Wei, GROWTH AND PROPERTIES

OF METAL AND COMPOUND SINGLE CRYSTALS
AT(11-1)-1247; F. J. Blatt, STUDIES OF CONDUC-
TIVITY OF THIN METALLIC WIRES )

Michigan, Univ. of, Ann Arbor, Mich., AT(11-1)-
543; Richard E. Balzhiser, INVESTIGATION OF
THERMODYNAMIC ACTIVITIES AND SOLUBILITY RE-
LATTONSHIPS IN BISMUTH SYSTEMS ‘
AT(11-1)-771; Edward E. Hucke, TRANSPORT PROPER-

TIES OF LIQUID METALS
AT(11-1)-979; Robert D. Pehlke, THE THERMODYNAMIC
PROPERTIES OF LIQUID METALLIC SOLUTIONS
AT(11-1)-1086; L. 0. Brockway, THE OXIDATION OF
THIN SINGLE CRYSTALS OF NICKEL

Western Reserve Univ., Cleveland, Ohio,
AT(11-1)-1108; Ben A. Green, Jr., ELECTRONIC
SPECIFIC HEAT OF ALLOYS
AT(11-1)-1146; John K. Major, RECOIL-FREE SCATTER-
ING OF GAMMA RAYS
AT(11-1)-1297; John D. McGervey, POSITRON
ANNIHILATION IN LIQUIDS AND SOLIDS
Westinghouse Electric Corp., Pittsburgh,

Earl A. Gulbransen, REACTIONS OF HYDROGEN
WITH ALLOYS OF ZIRCONIUM

Wisconsin, Univ. of, Madison, AT(11-1)-987;
Richard A. Dodd, DEFECT PHASES IN ALLOYS
Yale Univ., New Haven, Conn., AT(30-1)-2560;

C. N. J. Wagner, X-RAY STUDY OF THE STRUCTURE
OF LIQUID METALS AND ALLOYS

AT(30-1)-2723; W. D. Robertson, THE STRUCTURE
AND ASSOCIATED PROPERTIES OF IONIC SOLID SO-
LUTIONS

Werner P. Wolf, THE STUDY OF IDEAL MAGNETIC
CRYSTALS

Tennessee, Univ. of., Knoxville, AT(40-1)-1068;
E. E. Stansbury, APPLICATION OF ADIABATIC
CALORIMETRY TO METAL SYSTEMS
Toledo, Univ. of., Toledo, Ohio, AT(11-1)-1000;
Otto Zmeskal, OXIDATION OF ZIRCONIUM-NIOBIUM
ALLOYS IN THE TEMPERATURE RANGE 200-5000C
Tufts Univ., Medford, Mass., AT(30-1)-2968;
George Handler, THOMAS-FERMI MODEL FOR GRAPHITE
Union Carbide Corp., Cleveland, Ohio, AT(30-1)-
2051; R. D. Westbrook, PREPARATION OF SEMI-
CONDUCTING MATERIALS

Xi

Pages
200

201

202
203

204

205
206
207

208

209
210

211

212

213

214

215

216

217

218

219



Utah, Univ. of, Salt Lake City, AT(11-1)-1122;
Tvan B. Cutler, RECRYSTALLIZATION AND SINTERING
OF OXIDES
AT(11-1)-1284; William D. Ohlsen, A MAGNETIC
RESONANCE STUDY OF DEFECTS IN SOLIDS

Vanderbilt Univ., Nashville, Tennessee, AT(40-1)-- -

3091; J. J. Wert, DEFORMATION STUDIES OF SUPER-
LATTICE STRUCTURE
Vermont, Univ. of, Burlington, Vermont, AT(30-1)-
3000; T. B. Flanagan, ABSORPTION OF HYDROGEN
AND DEUTERIUM BY PALLADIUM-RICH ALLOYS
Virginia Inst. for Scientific Research,
Richmond, Va., AT(40-1)-2860; James F. Kirn,
GROWTH OF SINGLE CRYSTALS OF BERYLLIUM FOR
NEUTRON SPECTROMETERS ‘
Virginia Polytechnic Inst., Blacksburg, Va.,
AT(40-1)-2564; J. F. Eckel, GOVERNING FACTORS
IN THE FORMATION OF THE Cr30-TYPE STRUCTURE
AT(40-1)-2689; T. E. Lienhardt, TEMPERATURE
AND CRYSTAL STRUCTURE DEPENDENCE OF SPECIFIC
HEAT, RESISTIVITY, MAGNETIC SUSCEPTIBILITY AND
HALL EFFECT IN METALLIC CERIUM
Virginia, Univ. of, Charlottesville, Va.,
AT(40-1)-2488; John W. Mitchell and
Nicolas Cabrera, PHYSICAL STUDIES OF THE
SURFACE STATE
AT(40-1)-3012; Avery Catlin, AN INVESTIGATION OF

VACUUM-DEPOSITED SINGLE-CRYSTAL SEMICONDUCTOR FILMS
AT(40-1)-3108; Doris Kuhlmann-Wilsdorf, INVESTIGA-

TIONS ON THE BEHAVIOR OF POINT DEFECTS AND DISLO-
CATIONS
AT(40-1)-3105; Robert V. Coleman, ELECTRONIC
PROPERTIES OF METALS AND ALLOYS
AT(40-1)-3109; Kenneth R. Lawless,
THE EARLY PHASES OF REACTIONS OF GASES ON
METAL SURFACES
Wake Forest College, Winston-Salem, N. C.,
AT(40-1)-2413; Thomas J. Turner and G. P.
Williams, Jr., A STUDY OF ATOMIC MOVEMENTS IN
SOLIDS EMPLOYING ANELASTIC MEASUREMENTS
Washington, Univ. of, Seattle, AT(45-1)-1375;
Douglas H. Polonis, PHASE TRANSFORMATION IN A
FEUTECTOID BINARY ALLOY SYSTEM
Wayne State Univ., Detroit, AT(11-1)-1054;
Yeong-Wook Kim, ELECTRON PARAMAGNETIC RESONANCE

STUDIES OF RADIATION EFFECTS IN .SOLIDS AND CHEMI-

CAL COMPOUNDS .
West Virginia Univ., Morgantown, AT(40-1)- 2839;
Arthur S. Pavlovic, VOLUME MAGNETOSTRICTION N
FERROMAGNETIC MATERIALS
Rensselaer Polytechnic Inst., Troy, New York,
AT(30-1)-3176; Robert C. DeVries and George S.

Xii

Pages
220

222

223
224

225

226

227

228

229

232

233

234

235

236

=37



Ansell, PRECIPITATION PHENCMENA IN CERAMICS:
THE SYSTEM BaTiO3-CaTiOg
RIAS, Div. of Margln Co. , Baltimore, AT(30-1)- 238
2531; Henry M. Otte, ELECTRON MICROSCOPE :
INVESTIGATION OF ALLOTROPIC TRANSFORMATIONS
IN METALS |
Stanford Univ., Stanford, Calif., AT(OL-3)-283; ‘ 240
David A. Stevenson, THERMODYNAMIC AND TRANS-
PORT PROPERTIES IN ILIQUID METAL SOLUTIONS

AT(O4-3)-298; Victor F. Macres and Robert A. 24,1
Huggins, KINETICS IN SOLID STATE SYSTEMS
AT(O4-3)-326, Project # 2; Oleg D. Sherby, 242

EFFECT OF LATTICE VACANCIES ON MECHANICAL

BEHAVIOR OF CRYSTALLINE MATERIALS
Syracuse Univ., New York, AT(30-1)-1910; 243
F. Kanda and A. J. Klng, ALKALINE EARTH

PHASE SYSTEMS

AT(30-1)-2731; F. A. Kanda and D. V. Keller, Jr., 244,
INVESTIGATION OF SPECIFIC VOLUMES OF LIQUID

METALS AND ALLOYS ?

Temple Univ., Philadelphia, AT(30-1)-2780; _ 245
Robert E. Salomon, A SOLID STATE STUDY OF

ZIRCONIUM AND NIOBIUM OXIDES

AT(30-1)-2812; L. Muldawer and H. Amar, 246
STUDY OF THE IB-IIB BETA PHASE ALLOYS
Rensselaer Polytechnic Inst., Troy, New York 247

AT(30-1)-1044; H. B. Huntington, ANISOTROPIC
DIFFUSION AND ELECTROMIGRATION

AT(30-1)-1995; Edmond Brown, THEORETICAL 249
RESFARCH RELATING TO RADIATION DAMAGE IN

SOLIDS -

AT(30-1)-2159; A. A. Burr, MECHANISM OF THE 250

EFFECT OF RARE EARTH SOLUTES ON THE ALLOTROPIC
TEMPERATURE OF ZIRCONIUM

AT(30-1)-2408; F. V. Lenel, MECHANISM OF SINTER- 251
ING LOOSE AND PRESSED METAL POWDER COMPACTS
AT(30-1)-2714; N. D. Greene, THE ELECTROCHEMICAL 253

AND CORROSION CHARACTERISTICS OF RARE EARTH AND
YTTRIUM METALS

Corrosion Behavior of the Rare Earth Metals 253
Electrochemical Characterlstlcs of the Rare 253
Farth Metals

Dissolution of Uranium, Thorium, and Their 253
Alloys

Rensselaer Polytechnie Inst., Troy, New York, 254

AT(30-1)-3004; Wylie J. Childs, DENDRITE
GROWTH IN SUPERCOOLED METALS

AT(30-1)-3030; Philip A. Casabella, NUCLEAR 255
QUADRUPOLE COUPLING STUDIES IN SOLIDS
National Bureau of Standards, Washington, D. C., 256

NBS Project No. 13443; H. P. R. Frederikse
and J. H. Wasilik, DIELECTRIC PROPERTIES OF
CRYSTALS

xiii



Nebraska, Univ. of., Lincoln, Nebr., AT(11-1)-

525; Edgar A. Pearlstein, STUDIES OF IMPER-
FECTIONS IN SOLIDS
New York Univ., University Heights, N. Y.,
AT(30-1)-2916; Kurt L. Komarek, THERMO-

DYNAMIC PROPERTIES OF INTERMETALLIC COM-

POUNDS
North Carolina, Univ. of, Chapel Hill, N. C.,
AT(40-1)-2036; Lawrence Slifkin, RESEARCH IN
INTERMETALLIC DIFFUSION

AT(40-1)-2577; Paul E. Shearin, RADIATION

DAMAGE AND OTHER STUDIES BY MEANS COF A

VAN DE GRAAFF ACCELERATOR
North Dakota, Univ. of, Grand Forks, N. Dak.,
AT(11-1)-1255; Harold D. Bale, RADIATION

DAMAGE TO SILICA STRUCTURES
Northwestern Univ., Evanston, Ill.,

AT(11-1)-1126; J. Bruce Wagner, Jr.,

CONTRIBUTION TO THE UNDERSTANDING OF THE

HIGH TEMPERATURF. OXIDATION OF METALS

AT(11-1)-1161; John W. Kauffman, STUDY OF

RADIATION DAMAGE RESULTING FROM ELECTRON
BOMBARDMENT

Oklahoma, Univ. of, Norman, Okla., AT(40-1)-2570;
Raymond D. Daniels, AN INVESTIGATION OF THE
INFLUENCE OF HYDROGEN ON MECHANICAL PROPERTIES

OF METALS. PHASE I: HYDROGEN IN NIOBIUM
Pennsylvania State Univ., University Park,
AT(30-1)-1710; P. L. Walker, Jr. and H. B.

Palmer, RESEARCH ON GRAPHITE

AT(30-1)-1858; J. A. Sauer, EFFECT OF RADIATION ON
DYNAMIC PROPERTIES OF HIGH POLYMERS

AT(30-1)-2541; Karl Gingerich, HIGH TEMPERATURE
PROPERTIES OF TITANIUM AND ZIRCONIUM PHOSPHIDES
AND RELATED REFRACTORY MATERIALS

AT(30-1)-2581; M. E. Bell, FUNDAMENTAL STUDIES IN
HIGH TEMPERATURE MATERIALS PHENOMENA

AT(30-1)-2781; Arnulf Muan, THERMODYNAMICS OF SOLID
SOLUTIONS AT HIGH TEMPERATURES

AT(30-1)-2792; W. S. Diethorn and P. L. Walker, Jr.,
THE MECHANISMS OF FISSION GAS DIFFUSION IN GRAPHITE
AT(30-1)-2887; 0. F. Tuttle, PREPARATION, PROPERTIES,
AND STRUCTURE OF CARBONATE GLASSES
Pennsylvania, Univ. of, Philadelphia, AT(30-1)-1879;
Robert Maddin, EFFECT OF PLASTIC STRESS ON DIFFUSION
AT(30-1)-1893; Norman Brown, THE EFFECT OF STRESS ON
RECOVERY

AT(30-1)-2395; Elias Burstein, OPTICAL AND MICROWAVE
INVESTIGATIONS OF SOLIDS
Pittsburgh, Univ., AT(30-1)-647; W. E. Wallace,
APPLICATION OF CHEMICAL THERMODYNAMICS AND

RELATED PHENCOMENA TO THE STUDY OF ALLOY

FORMATION

Xiv

Pages
257

259

260

262

263

261,

265

266

267

269

_71

272
273
274

276
278
280

281



AT(30-1)-2163; Raymond S. Craig, CALORIMETRIC,
STRUCTURAL AND MAGNETIC STUDIES OF METALS AND
INTERMETALLIC COMPOUNDS
Princeton Univ., N. J., AT(30-1)-2680; R. Smoluchowski,
LATTICE AND ELECTRONIC DEFECTS IN SOLIDS
Alkali Halides
Silver Halides
Theory
Puerto Rico. Nuclear Center, Rio Piedras,
AT(40-1)-1833; Amador Cobas and H. Harry Szmant,
STUDY OF RADIATION DAMAGE IN ORGANIC CRYSTALS USING
ELECTRICAL CONDUCTIVITY
Puerto Rico. Nuclear Center, Mayaguez, AT(40-1)-1833;
I. Almodévar, NEUTRON DIFFRACTION STUDIES OF THE
STRUCTURAL ROLE OF HYDROGEN IN CRYSTALS AND OF
MAGNETIC SPIN ARRANGEMENTS IN INORGANIC CRYSTALS
Purdue Univ., lafayette, Ind., AT(11-1)-125;
H. M. James and H. Y. Fan, BASIC RADIATION DAMAGE
STUDIES
AT(11-1)-359; Richard E. Grace, DIFFUSION IN LIQUIDS
AND SOLIDS
Minnesota, Univ. of, Minneapolis, AT(11l-1)-532;
C. C. Hsiao, EFFECT OF ATOMIC RADIATION AND OF
MOLECULAR ORIENTATION ON MECHANICAL BEHAVICR OF
LINEAR SOLID HIGH POLYMERS
AT(11-1)-841; Richard A. Swalin, DIFFUSION STUDIES IN
LIQUID METALS
AT(11~1)-1009; Morris E. Nicholson, A STUDY OF THE
ANOMALOUS RESISTIVITY CHANGE ACCOMPANYING PILASTIC
DEFORMATION IN Cu-Pd and Ag-Pd ALLOYS

Mississippi, Univ. of, University, Miss., AT(A40-1)-2891;

A. B. Lewis, THE EFFECTS OF NEUTRON IRRADIATION ON THE
ELECTRONIC PROPERTIES OF BINARY ALLOYS
National Bureau of Standards, Washington, D. C.,

NBS Project No. 0905-11-09450; W. S. Brower,

INFLUENCE OF THE ATMOSPHERE ON PERFECTION OF

CRYSTALS GROWN BY THE VERNEUIL TECHNIQUE

INDEX
PRINCIPAL INVESTIGATOR INDEX

SUBJECT INDEX

Pages
283

284,

281
284
284
287

288

289

290

291

293

294

295

296

297
313
317



INTRODUCTION

Under the authority and direction of the Atomic Energy Act, the
Atomic Energy Commission supports and fosters basic research related
to its overall program. Virtually all such research is performed by
contractor orgsnizations. Continuing programs are conducted in AEC-
owned institutions operated by universities or industrial concerns.
In addition, the Commission provides assistance to universities,
other government laboratories, industrial laboratories, and others,
who can contribute to the program of the Commission by research in
their own laboratories.

While a certain amount of basic research is, of necessity, per-
formed in association with projects with applied objectives, the
central effort of the Commission in the support of basic research in
the physical sciences is the responsibility of the Division of Research.
Under its auspices, research is being supported in the fields of high
and low energy physics, chemistry, materials sciénce, and controlled
thermonuclear processes. This document summarizes the program on
materials science supported by the Office of Metallurgy and Materials
Programs of the Division of Research.

The objective of the Metallurgy and Materials Programs is to
insure that research is conducted which advances the body of fundamental
knowledge used to cope with the broad spectrum of materials problems
facing nuclear technology. The approach taken is to investigate
material structures, properties, and phenomena in the most rigorous
possible fashion so that they may be explained and predicted in terms
of fundemental laws of nature. This program embraces the traditional
disciplines of physicel metallurgy, ceramics, crystallography, corrosion,
etc., but each in its most basic context. The newer discipline of solid
state physics occupies a position of major importance in the program.
Special importance is placed on understanding in detail the effects of
irradiation on materials and the methods and tools of all these disci-
plines are applied to this problem.

In terms of the distribution of funds, about two-thirds of the
Metellurgy and Materials Programs are conducted in the AEC laboratories
and, of the remaining one-third, most is spent in colleges and univer-
sities. At the end of the pest fiscal year, June 30, 1963, the Office
of the Metallurgy and Materiels Programs was supporting 160 contracts
in its contract research program, of which 142 were in 71 educational
institutions.
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Much of the research conducted at the AEC laboratories requires
experimental and support facilities not found elsevwhere, such as high
flux reactors and facilities for handling highly radioactive materials.
Also, at the AEC laboratories concentrated efforts by relatively large
numbers of mature scientists of many disciplines may be devoted to
specific problem areas for extended periods of time, such as pure mate-
riels preparation and characterization.

The offsite contract research program provides breadth and
flexibility to the ARC program. By supporting such programs in
universities, the ABC obtains the benefit of research conducted by
those individuals who prefer an academic environment. For the most
part, the offsite program is composed of small, short term projects
in which graduate student participation is an important factor. The
contracts supporting these projects originate from unsolicited pro-
posals based on the scientific interest of the principal investigator.
0f the meny such proposals submitted to the AEC, those chosen for
funding are selected on the basis of their scientific merit and their
pertinence to the AEC program. The resulting contracts usually cover
a one year period but may be renewed if the research continues to be
productive and of AEC interest and if sufficient funds are available.

This report contains summaries of the reseurch programs active
during Fiscal Year 1963. Part I presents the research conducted in
the AEC laboratories and Part II, the research conducted elsewhere.
For the most part, these summaries were written by the investigators
themselves. However, some editing has been done for the sake of con-
sistency. The summaries have been indexed in terms of senior technical
people involved and in terms of scientific content.
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PART I

RESEARCH IN AEC LABORATORIES






Contractor: Ames Laboratory, Iowa State University, Ames, Iowa

Contract Number: W-7405-ENG-82
Present Contract Term: July 1, 1962 through June 30, 1963

Cost to AEC: $660,000

Contract Title: Baslc Research in the Metallurgy Division
Investigators: F. H. Spedding, O. N. Carlson and staff

Scope of Work: A. Preparation and Properties of Pure Materials

1. Preparation of Pure Metals and Metal Compounds
0. N. Carlson, R. E. McCarley, D. T. Peterson, J. Verhoeven and
H. A. Wilhelm

Work on the treatment of cesium and rhenium bearing ores or con-
centrates was begun with the objective of preparing these metals and
their compounds in very high purity. The chemical properties of the
halides of Nb, Ta, W, Mo and V are under investigation since these
compounds are of interest to the preparation and/or purification of
these metals. The tetrachlorides and tetrabromides of Nb, Ta, W and
Mo were shown to be 1sostructural. The vaporization reactions and the
nature of the vapor species are being determined and the nature of solid
solutions of mixed halides investigated.

The preparation and purification of the less common metals contin-
ued using various methods of reducing high purity compounds followed by
refining processes such as electron beam melting, iodide refining,
distillation, selective deoxidation, electron beam- and arc-zone refin-
ing. Thorium metal has been purified by electron beam zone refining
with significant reductions in the carbon and nitrogen contents. Iodide
vanadium has been given further purification by electron beam melting
and new techniques for reducing high purity V,0r are being studied. The
aluminum reduction of Nb205 with subsequent e%egtron beam melting shows
promise as a new method of“producing high purity niobium. Increased
emphasis will be given to preparing high purity rhenium metal.

A new program is being initiated under Dr. John Verhoeven on
studying the effect of an electric field on the transport of solute
impurities during zone refining. Correlation with present theories
will be attempted.



2.- Elastic Properties
J. F. Smith

A program for the determination of elastic constants of single
crystalline metals has been in progress for several years because of
the fundamental importance of these constants to theories of lattice
dynamics, metallic bonding and mechanical properties. Extension of
the use of ultrasonic technigques to the measurement of other proper-
ties 1s also planned. Single crystals of rhenium were grown and its
elastic constants are being determined. Like wise the elastic con-
stants of the three crystalline forms of thallium are being measured.
Those for the hexagonal form have been completed and single crystals of
the f.c.c. form grown using indium to stabilize this form. The thermal
expansion of sodium-tungsten, bronze, and magnetic susceptibility of
indium are in progress. Further measurement of elastic behavior of
single crystals using diffuse x-ray techniques will be carried out due
to the discrepancy in results obtained by the two methods.

3. Effect of Impurities on the Plastic Deformation of Metals
0. N. Carlson, D. T. Peterson and H. A. Wilhelm

A study of the effect of impurities upon the brittle-ductile trans-
ition and other mechanical properties of the b.c.c. metals is continuing.
Nitrogen raises the ductility transition temperature of single crystal-
line chromium from -800C for the iodide metal to +40°C for the 0.11 w/o N
alloy. The maxima in the tensile strength associated with strain-aging
are shifted from 300°C and 410°C in pure chromium to 410°© and 510°C in
chromium containing 150 ppm N,. The role of nitrogen in strain aging
and strain zge hardening in c%romium is being studied by tensile and
electrical resistivity measurements and electron microscopic observa-
tions. This work will be extended to include the effect of quenching
and solute size and distribution on the transition temperature and
strain age hardening.

Similar studies on vanadium indicate that this metal is relatively
insensitive to embrittlement by nitrogen and carbon and no strain aging
effect that can be directly attributed to these impurities has been
found. Further purification with respect to carbon is required before
the effect of this impurity on vanadium can be ascertained.

The effect of strain rate, temperature and impurities.on the plas-
tic properties of thorium is being investigated. Thorium, which has a
tensile yield point of 18,000 psi at room temperature has been observed
to creep at an appreciable rate at stresses as low as 10,000 psi. The
influence of alloying with carbon and cerium on the mechanical-proper-
ties will be measured and the deformation of high purity single crystals
will be-investigated. ' ' ' : C



B. DProperties of Alloys

1. Structure and Deformation Properties of Superlattices
F. X. Kayser

A program is being initiated on the deformation behavior of super-
lattices. Short range ordering in the Fe-Al system in the composition
of the ordered phase Fe3Al, and the yield point assoclated therewith
wlll be studied. The defect structure and the domain structure of the
ordered region will be studied employing various techniques including
the use of transmission electron microscopy.

2. Structures and Thermodynamic Properties of Intermetallic Compounds
J. F. Smith, D. T. Peterson and P. Chiotti

Phase relationships and the thermodynamic properties of the inter-
mediate phases are being studied for several different types of systems.
The phases that exist in the metal-metal hydride systems of the alkaline
earth and rare earth metals is of particular interest. The calcium-
calcium hydride and strontium-strontium hydride systems were investigated.
A phase transition was observed at 230°C in strontium metal containing
hydrogen but not in the hydrogen-free metal. The structure of metal-
carbon-hydrogen ternary compounds will be investigated employing x-ray
diffraction, nuclear magnetic resonance and neutron diffraction tech-
niques.

The thermodynamic properties of alloy phases plays an important
role in the prediction of the products of metal reactions and in under-
standing the energetics of alloy phases. Thermodynamic properties are
being measured by electromotive force, calorimetric or vapor pressure
techniques for correlation of these properties with the structures in
an attempt to evaluate the strength and directionality of the interatomic
bonding of intermetallic compounds.

The structures of the two allotroplc forms of YAl, were determined
and those of Nb Sn Nb Sn and Y,M are curréntly being inves-
tigated. The measérement of t e aagnetlé stusceptibility of a family of
compounds with the fluorite structure is in progress. The elastic
constants and enthalpy of formation of CaMg, were measured.

The phase diagrams for the zinc binary systems of thorium, zircon-
ium and yttrium have been worked out and the structures and some thermo-
dynamic properties of the intermetallic compounds in these systems were
determined. A rigaku specific heat and differential thermal analysis
apparatus is being used to measure the specific heat and heat of trans-
formation of YZn The specific heats of the other six compounds in
the yttrium-zinc system will also be measured over the temperature
range of 100 to 600°C., This work will be extended to include zinc com-
pounds of uwranium, thorium, zirconium and cerium.




The equilibrium vapor pressures of magnesium binary alloys have
been determined for a number of systems from which the thermodynamic
function may be computed. Work on the Th-Mg system has been completed
and is well along on the Co-Mg system. Determination of activity by
electromotive force measurements on vanadium-aluminum alloys is being
attempted. Also a differential acid solution calorimeter has been
designed and is being used in the determination of the enthalpies of
formation of the aluminum-rich compounds of vanadium.

3. Properties of Metallic Solutions
D. T. Peterson, A. H. Daane and F. X. Kayser

The nature of metallic solutions, both liquid and solid, is being
studied by several investigators. One program is directed toward the
nature of metals and alloys using the rare-earth metals because of the
unique similarity of their outer electronic structures. Such properties
as vapor pressure, electrical resistivity, heat capacity, magnetic and
phase equilibria are being investigated for several rare-earth alloy
systems. A very interesting and significant observation was that of the
existence of the samarium-type structure in solid solutions between
light and heavy rare earths. A more detailed investigation of this
phenomena 1s planned. The physical properties of scandium metal have
been characterized and the use of scandium in alloying studies with other
rare earths is now possible. The magnetic nature of YMn;, has been stud-
ied and the magnetic properties of other rare-earth alloys will be inves-
tigated. The nature of bonding in rare earth borides has been tested and
found compatible with proposed models.

A study of the nature of solid solutions employing high-precision.
methods for measuring density as a function of composition will be
initiated. From these measurements the partial molar volumes of the
solutions and other properties of thermodynamic interest will be obtained.
The nature and valence state of a metal when it is dissolved in its
halide salt is being determined by studyling alkaline earth metals in
their liquid halide salts. The vapor pressure of the metal over the
solution is being measured and the diffusion of the metal solute in its
liquid salt is being studied by observing the rates of evaporation of
the metal from the solution. Vapor pressure data on calcium in solution
in CaCls indicate that two solute particles are formed for each calcium
atom in solution. This work will be extended to strontium and barium
chloride solutions and to solutions of the alkaline earth metals in
their iodides and bromides.

The diffusion of the interstitial atoms, hydrogen, carbon, nitrogen
and oxygen in thorium, zirconium and the rare-earth metals is being
studied. The effect of non-metallic impurities on the physical and mech-
anical properties of a metal is related to the kinetics of the diffusion
process. Study of the diffusion of hydrogen in barium, europium and
ytterbium is currently underway and the diffusion of carbon in a selected
group of metals will be measured to permit testing of several theories
of interstitial atomic diffusion.
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The microstructural changes resulting from the Kirkendall effect
in Al1-Mg alloys is being investigated by transmission electron micros-
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1. Electronic Structure of Crystalline Solids - A :
R. G. Barnes, G. C. Danielson, A. V. Gold, R. H. Good, J. M. Keller,
Sam Legvold, A. R. Mackintosh, R. C. Young and D. J. Zaffarano

The details of the Fermi surfaces of pure metals are being investi-
gated using the de Haas-van Alphen (Gold) and magnetoacoustic (Mackin-
tosh) effects, angular correlation in positron annihilation (Mackintosh,
Zaffarano), size effect (Young) and magnetoresistivity (Mackintosh)
measurements and cyclotron resonance (Young). While the general empha-
sis is on the transition metals, the de Haas-van Alphen effect has been
studied in lead for pulsed fields of up to 200 kilogauss, with results .
which correlate well with earlier models and which can be represented
theoretically through the use of an orthogonalized plane wave model.
This work is continuing on single crystals of tungsten, molybdenum and
iron. 1In particular, this effect was seen for the first time in iron
in single crystal iron whiskers. The data for iron can be interpreted
in terms of an internal magnetic field in the iron which is several
times the saturation value. Similar conclusions have been drawn from
anomalous Hall effect measurements in ferromagnetics in the past, and
Hall effect measurements are being made on similar iron whisker samples.
The positron annihilation technique has been used to demonstrate the
differences in the electronic structure of liquid and solid mercury.
Measurements of this type are continuing with particular emphasis on
those substances for which more conventional Fermi surface measurements
are difficult or impossible.

Details of the electronic bonding in pure metals, alloys and inter-
metallic compounds are being studied by magnetic resonance techniques
(Barnes). Typical problems involve a combination of high pressure and
nuclear magnetic resonance techniques to study diffusion in lithium-
magnesium alloys, and the investigation of the nuclear magnetic reso-
nance of Y(89) in various intermetallic compounds of yttrium with Mn,
Co, Ni, Fe and Cu. The details of the nuclear magnetic resonance in



pure indium have been mapped out experimentally and are being interpre-
ted in terms of a theoretical model. Approximate formulas for energy
levels needed 1n magnetic resonance work are being developed theoreti-
cally (Good). The anti-ferromagnetic transition in chromium is being
studied as a function of the alloying of Cr with various first transi-
tion series metals using as detectors the nuclear resonance of cr(53)
and a 1 percent tracer of vanadium, V(51). This transition, as well as
a suspected similar transition in vanadium, also has been studied using
thermoelectric power measurements (Mackintosh, Legvold).

2. Superconductivity
A. R. Mackintosh, F. H. Spedding and C. A. Swenson

The avallability and experience of the Metallurgy Groups of the
Laboratory make it natural that this program concern itself primarily
" with the superconductivity of the imperfectly understood transition
metals and their alloys. The superconducting transitions in a magnetic
field have been studied for both high purity tantalum and niobium
(resistivity ratios about 2000) (Swenson). The behavior of these two
related metals 1s basically different, with tantalum showing the "soft"
superconducting properties of a classical type, while niobium transi-
tions show what has been classified as "hard" superconducting behavior
in the past. These experiments establish for the first time that it is
possible for a pure metal, niobium in this case, to have as an intrinsic
property a negative surface free energy between its normal and supercon-
ducting regions. High purity lutetium metal has been cooled to 0.279K
without exhibiting superconducting behavior, and the lanthanum-lutetium
alloy system is being studied to investigate in the limit of small lantha-
num concentrations the temperature at which lutetium is likely to become
superconducting (Mackintosh, Spedding). Transition metal alloy systems
are being studied systematically for superconducting behavior in metal-
lurgically well-defined specimens (Swenson).

3. Thermodynamic Properties of Solids
G. C. Danielson, R. H. Good, D. E. Hudson, A. R. Mackintosh,
J. M. Keller and C. A. Swenson

Measurements are being made of the thermodynamic properties of a
number of different solids over a wide range of temperatures and pres-
sures. Pulse heating techniques (Danielson) have been used to determine
to 1400°K the heat capacity of zirconium, the thermal diffusivity of pure
silicon, and both quantities for high purity Armco iron. The data for
silicon in particular can be interpreted in terms of a lattice contribu-
tion and a large electron-hole recombination term. Mass spectrometric
techniques (Hudson) are used in combination with a Knudsen cell approach
to obtain the coheslve energies for both pure metals and intermetallic
compounds. This work also has included basic studies of surface iloni-
zation and electron-ion collision cross-sections.

The contribution of anharmonic terms to the high temperature ther-
mal expansion of solids has been calculated (Keller). The low tempera-
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ture thermal expansions of aluminum, copper, sapphire and rubidium iodide
have been determined down to 1.89K using a mutual inductance variable
transformer technique which has a sensitivity of 0.5 angstroms for the
detection of sample motion (Swenson). This work, which basically involves
lattice dynamics in one form or another, will be expanded to lnelastic
scattering experiments when the Ames Laboratory Reactor is completed
(Mackintosh).

Pressure-volume-temperature. measurements to 20,000 atmos. at temper-
atures from 20°K upwards have been obtained for solid xenon and for ces-
ium metal (Swenson). These data show quantitatively the effects of temp-
erature and pressure on the thermodynamic properties of the solids. A
simple statistical theory of metals is being considered for the analysis
of the alkali metal data (Good). The linear compressibility in 2000
atmos. pressure has been measured to 0.5 percent precision for various
samples of copper and for single crystal silver (Swenson). These data
show that a real difference exists between ultrasonic and bulk determi-
natlions of compressibilities, presumably due to dislocation contributions.
The equation of state of solidified He3 has been deduced from heat capa-
city measurements at temperatures down to 0.3°K and at pressure up to
2000 atmos. (Swenson). The anomalous properties of a thermodynamically-
unlikely body-centered-cubic phase have been established.

4. Properties of Rare Earth Metals and Compounds
R. H. Good, J. M. Keller, Sam Legvold, A. R. Mackintosh and
F. H. Spedding

The electrical transport and magnetic properties of rare earth metal
single crystals are being studied experimentally in some detail (Legvold,
Mackintosh, Spedding). Most recent work has been on terbium, holmium and
gadolinium, with emphasis on thermoelectric power measurements. These
data will be supplemented by both neutron diffraction and spin wave spec-
trum experiments with the Ames Reactor. Measurements of the magnetos-
triction constants of gadolinium and holmium single crystals also have
been completed. The various available data for the rare earth metals
have been analyzed (Mackintosh) to show the effects on the Fermi surfaces
of the metals in the regions of magnetic ordering. In addition, the low
temperature properties of terbium and dysprosium (magnetic and transport)
were shown to be consistent with the hypothesis of an energy gap in the
spin-wave spectrum. The magnetic properties of these metals are being
studied theoretically on a phenomenological basis (Good, Keller). The
optical absorption spectra of the rare earth ethyl sulphates are being
determined experimentally (Spedding), and also are being calculated
theoretically (Good, Spedding). Calorimetric determinations of the hyper-
fine interactions in rare earth metals and alloys are being undertaken
(Spedding, Swenson),

5. Semiconductors and Compounds with Variable Stoichiometry
G. C. Danielson, Ronald Fuchs, D. E. Hudson, D. W. Lynch, J. M. Kel-
ler, A. R. Mackintosh and R. C. Young

The transport and thermodynamic properties of the series of semicon-

11




ducting compounds of the form Mg2X (X = 8i, Ge, Sn or Pb) are being
studied extensively (Danielson).” Present measurements include resisti-
vity, Hall Effect, Seebeck coefficient, elastic constants, optical
absorption and reflectlon coefficients (Lynch), photoconductivity, recom-
bination radiation, and low temperature specific heat. Many of these
measurements are being made over a range of temperatures and sample puri-
ties. Experiments to determine the effects of pressures of up to 13,000
atmos. on the resistivities have been initiated (Danielson, Lynch). An
orthogonalized-plane-wave calculation of the electronic band structure of
Mg Si is being undertaken (Xeller). Work on other semiconductors

gludes the measurement of the microwave Hall effect in germanium (Daniel-
?on, Yo?ng), and the temperature dependence of the re51st1vity of dilamond
Hudson

Experiments on non-stoichiometric compounds of the sodium tungsten
pbronze type, Na WO (where x can be varied from close to zero to close
to unity), have beén refined in an attempt to understand their electronic
properties (Danielson). 1In particular, optical reflection (Lynch) and
Seebeck coefficient data have been obtained for the sodium tungsten bron-
zes, as well as a more precise determination of the variation of lattice
parameter with x. Two theoretical models (Fuchs, Mackintosh) have been
proposed to explain not only the transport properties and various crystal
structures of Na WO3, but the properties of the other tungsten bronzes
(such as Li WO3)

6. Ionic Crystals and Color Centers
R. G. Barnes, Ronald Fuchs and D. W. Lynch

The properties of the color centers in CsBr are being investigated
using both electron spin resonance (Barnes) and optical techniques
(Lynch). The nature of the V, and centers which appear in the alkali
halides also 1s being studied (Lynch‘?f The luminescence of F centers in
KC1l is being studied as a function of pressure. The possibility of using
a pseudopotential in theoretical investigations of color centers is being
investigated (Fuchs). The theoretical aspects of the temperature and
pressure dependence of the dielectric constant in ionic crystals also are
being studied (Fuchs).
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Scope of Work: A. Physical Metallurgy of Basic Reactor Materials

L. T. Lloyd

The objectives of the physical metallurgy studies are to provide basic data
on the properties of reactor materials and to take advantage of their special
structural properties in furthering the knowledge of certain problems in metal
physics. The problems currently under investigation are:

1. Elastie_gonstant Studies
E. S. Fisher

Measurements of ultrasonic wave velocities in single crystals are being made
to determine the nine fundamental elastic modulil over the entire temperature range
of stability for alpha-uranium. Data are completed between 43° and 310 K, and
some of the moduli have been measured below and above these temperatures, respec-
tively. The work at low temperatures has revealed & transformation, other than
crystal structure, at 42° * 29k, At elevated temperatures unusually large negative
temperature coefficients vere observed for some of the moduli upon approaching the
phase transformation at 940°K. The studies are being continued.

Measurements for determining the elastic moduli in single crystals of alpha-
zirconium have been completed between 4° and 1100° K. A large negative temperature
coefficient was found for the shear modulus which corresponds to the proposed mech-
anism for transformation from h.c.p. to b.c.c. structure. A similar, but even
greater, negative temperature coefficient was found for the same modulus in alpha-
titanium. These results, together with thosefor alphas-uranium, suggest that there
are fundamentael correlations between unusually large temperature coefficients of
elastic moduli and the occurrence of phase transformations. The measurements are
being continued to complete the data over the entire temperature range of stability
for alpha-titanjum. Similar studies are being carried out with yttrium and iron
above room temperature to explore the general applicability of this correlation.
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2, Diffusion Studies
N. L. Peterson and S. J. Rothman

Diffusion of U235 in single crystals of slpha-uranium is being studied as
a function of orientation. At 625°C the diffusion coefficients in the a and ¢
directions are egyal gD = 1.94 x 10713 cm®/sec), while that in the b direction
is less than 10 cm™/sec. The results are consistent with the relative jumb
distances for diffusion in the crystal lattice. Further measurements are
planned at other temperatures.

Impurity diffusion of Cr51, Mnsu, Fe59, 0060, Ni63, Cu6h and Nb7” have been
measured in gamma-uranium. Niobium diffuses slower than self-diffusion while all
the other diffuse faster. The results, when compared with the activation energy
for self-diffusion, are in good agreement with the recent theory of LeClaire. _
Thehfrggnency factors and activation energies were low, ranging from D, = 2.7 x
10~% cnf/sec and Q = 11.9 keal/mole for Fe?d to Dy = 4.6 x 1072 cm®/sec and
Q= 39.4 kcal/mole for Nb95, and the arrhenius plots showed an upward curvature
below 830°C. The measurements can best be explained by the vacancy mechanism,
but the complete elimination of the interstitialcy mechanism is not possible at
this time. A slight variation of either mechanism is necessary to explain the
curved Arrhenius plots; the precise cause of the curvature is still open to
question. The occurrence of a curved Arrhenius plot for self-diffusion is being
investigated for other b.c.c. transition metals.

A study is in progress to determine the role played by magnetic order on
atomic jump processes. Internal friction meesurements of the Zener relaxation
mechanism will be made in the ferromagnetic and paramagnetic states in several
alloy systems. Also, quenched specimens will be used to determine the activation
energy of vacancy motion in both magnetic states.

3. Magnetic Susceptibility Studies
D. J. Lam and D. 0. Van Ostenburg

Studies of thermal expansion coefficients and elastic constants in single
crystals of g-uranium have indicated unusual properties at low temperatures. A
knowledge of the details of such anomalies is important for a better understanding
of the electron structure in this metal.

The object of this work is to investigate the temperatue and crystallographic
dependence of the magnetic susceptibility of single crystals of @ -uranium, and to
search for any anomaly below room temperature which can be related to the unusual
behavior of the elastic constants and thermal expansion coefficients.

Preliminary results indicate that magnetic anisotropy exists below room
temperature. Detalled studies are currently in progress.
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4. Plutonium Physical Metallurgy
A. F. Berndt, M. B. Brodsky, L. Ianniello, L. T. Lloyd and M. Rosen

Techniques and equipment have been developed for preparing high-purity
plutonium by electrolysis of impure anodes in a fused salt electrolyte. The
work 1s continuing in order to provide a basic material in support of plutonium
research programs.

A series of programs which are concerned with high purity alpha-plutonium
are in progress. Because of radioactive decay, plutonium is subject to self-
irradiation damage. The rates of defect production and their annealing
characteristics are being studied by electrical resistivity and thermoelectric
force measurements as functions of time at subroom temperatures. Also, the change
of indentation hardness with time is being measured at temperatures between 250
and l20°c. Since visual observations of structure are important in physical
metallurgy studies, attempts are being made to refine the metallographic techni-
ques for alpha-plutonium. From considerations of the melting temperature and the
temperature dependence of mechanical properties, it is feasible that plutonium
may recrystallize within the alpha phase. This and grain growth charascteristics
are being studied for alpha-plutonium.

The ability to measure the physical properties of monoclinic alpha-plutonium
as & function of crystal orientation is dependent upon the availability of single
crystals. Several approaches to this problem are under investigation, among
vhich are studies on the structure present in samples slowly cooled in a tempere-
ture gradient from the liquid state, and attempts to grow single crystals from
solutions in liquid alkali metals at temperatures within the alpha-plutonium phase.

Since the properties of a metal are dependent upon prior metallurgical his-
tory, an investigation has been undertaken with the ultimate gosl of characterizing
the mechanism of the beta to alpha transformation in plutonium. Two types of
experiments are in progress: 1) at-temperatue microscopy to observe surface effects
upon phase transformation, and 2) ultrasonic measurements to determine the kinetics
of transformstion.

The unusual negative coefficient of thermal expension for the f.c.c. delta
phase of plutonium has been interpreted in terms of the electronic structure for
this phase. Two investigations which relate to this problem are in progress.

One approach deals with the effects of compostion and pressure upon the trans-
formation temperature of delta-plutonium alloys. The second study concerns electron
transport phenomena, such as electrical resistivity, thermoelectric force and Hall-
coefficient, as functions of temperature and alloy composition. The latter measure-
ments also are being made on the various other phases of high purity plutonium.

5. Plastic Deformation of Alpha-Zirconium Crystals
D. G. Westlake

The effects of hydrogen additions to single crystais of alpha-zirconium upon
the deformation mechanisms are being investigated. Microscopic examinations have
revealed that either slip or twinning can initiate microcracks in the brittle
hydride phase during tensile tests at liquid nitrogen temperature. These microcracks
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do not propagate catastrophically into the metelmatrix, but during continued
deformation they grow slowly. Zone refining methods are providing material for
preparation of single crystal specimens that will be used in an investigation
of the effects of solute hydrogen concentration at subroom temperatures on the
slip and twinning deformations.

B. Alloz Studies

1. Occurrence of Transition Element Intermediate Phases
A, T. Aldred, J. B. Darby, Jr., A. E. Dwight, D. J. Lam and M. V. Nevitt

The objective of this program is to isolate and study the factors which
control the occurrence of intermedlete phases in which at least one partner is
& transition element. Knowledge of the controlling factors will make it possible
to predict the existence of compounds in systems which are now unknown.

An exploratory survey has been made of the intermediate phases formed when
Te is alloyed with elements of the Se, Ti, V, Cr, Mn and Fe groups. A total of
19 intermediate phases has been identified and found to be isomorphous with the
Cr30-type, CsCl-type, Mane-ty‘pe,X- or 4 - phase structure. Although similar-
itfes in the alloying behavior of Tc and Re have been brought to light in the
present study, the formation by Te of Cr3o-type and CsCl-type phases has no parallel
in the alloy chemistry of Re.

A total of ten CsCl-type phases involving Sc has been discovered. The phases
have the formula AB where A is Sc and B is an element from Groups VIII or IB. The
lattice contractions, a measure of the bond strength, may be related to the total
number of electrons of the B component outside the rare gas or 4f shell, suggesting
that an electron concentration effect governs the occurrence and stability of these
phases,

For the families of phases whose prototypes are CsCl, MgCu,, MgZn,, Cu3Au,
TiNi, and Cr30 certain empirical relationships have emerged for predicting,“in
terms of the periodic table positions of the components, the compositions of the
phases in binary systems, ternary systems and systems of higher order. Work is
continuing to find similar relations for families of compounds whose prototypes
are Cufu, CrB, FeB, AlBp, NijsIn, TiCu3 and TiAl3.

2. Thermodynamic Properties of Transition Metal Alloys
J. B. Darby, Jr. and K. M. Myles

It is the purpose of these investigations to attempt to correlate the thermo-
dynamic properties of certain transition element binary elloys with the importent
atomistlc factors of size, electronegativity, and valency. Furthermore, knowledge
of these properties will be of considerable value in the interpretation of data
accummlated on thne same alloy systems by other experimental approaches such as
magnetizetion measurements and nuclear magnetic resonance studies.
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Enthalpy measurements will be conducted in a liquid-metal solution celori-
meter which has now been assembled and which will soon become operational. The
calorimeter is of the twin "micro" type which wil% employ a liquid metal solvent
such as tin or aluminum at temperatures up to 750°C. Information on the kinetics
of solution of the first long period elements in the liquid metal solvents has
been obtained. When the calorimeter has been cdlibrated and is considered ready
for experimental work a noble metal binary system will first be investigated to
gain experimental confidence. Then transition metel systems will be studied.

The thermodynamic properties of the vanadium-iron system have been deter-
mined at 1600°K by the torsion-effusion method. Large negative deviations of the
activity from ideal behavior have been found for both iron and venadium. Although
the experimental technique does not permit a highly precise determinetion of the
temperature coefficients of the activity, it is reasonably certain that large posi-
tive excess entropies characterize the alloys. These observations suggest that
a strong attractive force exists between the vanadium atom and the iron atom.
Preparations are being made to extend the study to the vanadium-chromium system.

3. Electronic Structures of Solid Solutions and Intermediate Phases
A. T. Aldred and D. J. Lanm

Magnetic susceptibility measurements provide a powerful tool for determining
the electronic configurations of solid solution alloys and intermediate phases.
The primary emphasis is currently placed on an exploration of the electronic
density of states of alloys of the first and second long period transition ele-
ments. Recently, the magnetic susceptibilities have been measured over the whole
composition range in the V-Tc and Nb-Tc systems. The results indicate that the
rigid band approximation is velid for the b.c.c. solid solution region and that
there is little or no localization of 4 electrons. Work is continuing in these
and other transitional alloy systems.

A significant question which has arisen in the analysis of susceptibility
and Knight shift dats is the identification of the wave function character of the
electrons at the Fermi surface. While certain deductions as to the relative con-
centrations of electrons in s and non-s states may be made from present information,
measurements of spin-lattice relaxation time can provide an exact definition of the
fraction of electrons having s-character. A nuclear magnetic resonance pulse
apparatus suitable for the study of spin-lattice relaxation time and free induction
decay shape is now under consturction. It is believed that this facility will pro-
vide clarifying information on wave function character, as well as serve as a source
of additional independent physical measurements pertinent to our interests in
electronic structure.

Another approach which is beilng followed to provide an insight into electronic
structure is the measurement of -thermoelectric power. Although this property is
to some extent structure sensitive, it is a measure of the electronic density of
states in an alloy. High temperatue (0-800°C) thermoelectric powers have been
determined for Pd-rich solid solutions in the systems Pd-V, Pd-Cr, Pd-Mn, Pd-Fe,
Pd-Co and Pd-Ni. Initial results indicate the possibility of a correlation with
the theoretically proposed density of states curves. 1In the system Fe-V measure-
ments have revealed a complex dependence of thermoelectric power on temperature and
composition which cannot be analyzed until work on U-rich alloys is completed.
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L, Maclear Magnetic Resonance Studies in Metals and Alloys
D. J. Lam and D. 0. Van Ostenburg

Nuclear maegnetic resonance has been proven to be very useful in the study of
the electronic structure of metals and alloys. The primary emphasis in which we
are currently engaged is to explore environmental and electronic changes on
alloying in substlitutional solid solutions and intermetallic compounds.

Recently, the nuclear magnetic resonance of Tc99 has been observed in Te
metal and quadrupolar measurements indicate that the conduction electrons are
distributed nearly spherically symmetric about each nucleus. Knight shifts of
the Te?9 nucleus have been measured over the whole compostion range in the V-Tc
system and correlated with magnetic susceptibilities. In addition, Knight shifts
of the V21 isotope have been measured in binary alloys of V with Ti, Cr and Te.
The results on these b.c.c. alloys indicate that the rigid band approximation is
valid and nearly all electrons outside the closed 3p or 4p shell form a common
conduction band with admixtures of s and non-s electronic states. Furthermore,
this data augmented by electronic specific heat measurements indicate that the
proportions of electrons having s and non-s character changes with electron con-
centration within this common conduction band. Work is continuing in these and
other transitionsl alloy systems to acquire a basic theoretical understanding of
the electronic and structural properties of solids.

5. PFerromagnetism in Transition Metal Alloys
A. T. Aldred and M. V. Nevitt

Experimental observations of the occurrence and magnitude of atomic megnetic
moments in transition metal alloys provide a powerful technique for understanding
the electronic structures and bonding characteristics of these alloys. Measure-
ments on Fe-V solid solutions indicate that on adding V to Fe the magnetic moment
decreases at a rate faster than that corresponding to dilution of a constant Fe
moment. This implies a decrease in the Fe moment and thus an apparent electron
transfer effect between Fe and V. Transformation of alloys in the equiatomic
composition range to the metastable CsCl structure produces a 20 percent decrease
in the moment, while further transformation to the stable & -phase diminishes the
moment by a&about a factor of three. This decrease apparently reflects the change
in atomic ordering. Preliminary measurements on other Fe-base alloys indicate
that while alloying Fe with a nontransition element (Be,Ga) produces a dilution
effect on the magnetic moment, the moment decreases more rapidly in alloys with the
early transition elements (Mo,W). Further work is currently in progress.

6. Phase Relationships in Systems of Thoride Elements with Carbon
S. Rosen

Information on the electronic structure of the elements of the 5f series can
be derived from a knowledge of their behavior with a nonmetal having rather well-
established covalent and ionic bonding characteristics such as carbon. Furthermore,
significant comparisons can be made between the electronic states in th 5f metals
and in the 3d, 44, and 54 transition metels by studying the conditions under which
they form isostructural carbides.
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The investigation of the U-Pu-C system up to 50 a/o carbon has deen
completed. Interest has been heightened by the observation of a transition from
stoichiometry to nonstoichiometry, as regards the carbon content, in the NaCl-type
phase (U,Pu)C, a situation also found in certain other isostructural monocarbide
phases. It is believed that the transition may have its origin in an electron
concentration effect, with carbon acting as an electron donor. An extension of
the study is in progress which includes sections of the quaternary U-Pu-Th-C
system containing around 50 a/o carbon and also includes a number of pseudo-binary
systems of the monocarbldes of transition metals which have the NaCl-type struc-
ture. It is probable that information regarding the valences and the distribution
of electronic states in the thoride elements will be obtained from a systematic
study of multicomponent systems of transition metals and thoride metals.

T. Miscibility of Laves Phases
J. B. Darby, Jr. and D. J. Lam

The immediate aim of this work is to investigate the solubility ranges of Laves-
type phases in certain ternary systems in which two of the limiting binary systems
contain the phases. When restricted mutual solubllity is found an attempt is made
to correlate the limiting solubility with factors such as relative atomic size,
electronegativity, and valence electron concentration. The system displaying a
complete range of solid solubility between the binary phases will be utilized in
a quantitative study of the electronic relationship between uranium and the trans-
ition eléments of interest. This will include various property measurements over
the range of stability.

Ternary systems in which the phase relationships have been established include
the U(Fe,Al),, (U,HE)AL,, (U,2r)Al,, end U(Fe,Co)a. There is a complete range of
solid solubility between UFe, and 6002.

8. Superconducting Transition Temperatures of Cr,0-Type Ternary Fhases
S. T. Zegler -

This program is concerned with the superconducting properties of metals, solid
solutions and intermediate phases. The objective 1s to elucidate the dependence
of superconducting properties on crystallographic and electronic parameters as well
as upon purity and homogeneity. Initial work is being directed toward determining
the superconducting transition temperatures of Cr.0-type ternary phases as a func-
tion of cyrstal lattice dimension, valence electrdn concentration and atomic mass
and volume.

The construction of an apparatus for measuring transition temperatues in nearly
zero field is now nearing completion.

Equilibrium studies are being conducted to find solid solution fields of the
Cr30-type phases vhich can provide critical tests of atomic size and electronic
effects. Crystallographic data have been obtained indicating that the Crgg—type
phase VLo exhibits extensive solid solubility for Ni,Rh and Ir while Nb exhibits
1imi ted "solubility for Co, Ru, Pd and Ir. There i1s some solubility of Sb in
Nb3Sn; V351 and V3Ga are soluble in ell proportions.
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. C. Neutron and X-ray Diffraction Studies

S. 8. Sighu

The major emphasis of this work 1s on the determination ofstructure properties
of materials both in the solid and the liquid states by combined neutron and x-ray
diffraction techniques. It is aided by & number of computer programs which have
been written or plaeced in operation, and which permit the best determination of
a number of crystallographic variables such as atom position parameters, reciprocal
lattice positions, lattice constants, interatomic distances, percent occupancy of
crystal lattice sites by different atoms in a compound, nuclear ccherent scatter-
ing amplitudes, etc., as well as Patterson and Fourier maps used in solution of
crystal structures. The di1ffraction apparatus which have been completed in the
past year are a Neutron Diffractometer (instrument which moves in a vertical plane
and utilizes the same beam as used by the horizontal Spectrometer), the suitable
Soller slit collimators and a drive for d-24 motion for the analyzing crystal
used in studies of crystal dynamics, and a goniostat.

Investigations which have been recently completed and those that are currently
in progress include the following:

1. Magnetic Structure Studies

a. Crystal Structure Variations in Alpha Uranium at Low Temperatures

(M. H. Mueller). The unusual temperature dependence of the elastic modulii
and other physical properties of alpha uranium near 43°K which have been pre-
viously reported are found to be correlated with changes in atomic positions
and unit cell dimensions. The atom position parameter, y, decreases to a
minimum at 43°K then rapidly rises on further cooling, as shown both by X-ray
and neutron data. The 8 and bo cell dimensions decrease to a minimum.at 439K
and then rapidly increase in the range 43-189K; the c, dimension contracts on
cooling to h3°K and decreases even more rapidly below this temperature.

Neutron diffraction studies of single crystals have now revealed the existence
of additional reflections at room temperature and below which may be due to a
magnetic change. Several reflections, including the (00l) and (003; have been
detected with intensities several times that attributable to the /2 component
of the beam vwhich are not observed in the X-ray pattern. Purther work is in
progress to find other observable additional reflections, their temperature
dependence and their possible explanation on the basis of a magnetic arrangement.

b. Atomic. and Magnetic Ordering in MnCo end (Mn,Co)jC. N. S. S. Murthy and

S. S. Sidhu). MnCo alloy annealed at 1223°K for 300 hours and cooled to room
temperature at a rate.of 1°C per minute showed considerable ordering ( 50
percent) at this temperature, the face-centered cubic unit cell of 8y = 3.6158,
having Mn atoms at 0 0 O, 1/2 1/2 0 and Co atoms at 1/2 0 1/2 and O 1/2 1/2.

It disordered at approximately 800°K. The magnetic ordering appeared at 263°K,
with magnetic moments of Mn atoms aligned oppositely to those of Co atoms. An
unannealed sample of thg same alloy showed no appreciable ordering of either
varlety even down to 20°K. It thus shows that both the atomic ordering and the
Neel temperature are influenced by the annealing temperature.
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In the cubic unit cell of (Mn,Co)yC, (8, = 3.782) the carbon atom occupies
1/2 1/2 1/2 site. The metal atoms occupy 0 0 0, 1/2 1/2 0, 1/2 0 1L/2 and
01/2 1/2 sites with MnI at 0 O O, and 2 Co and MnII distributed randomly
at the remaining sites. The carbide is ferrimagnetic at room temperature
with the megnetic moments aligned as Mn(I)q’, 2 Co/ and Mn(II)Q/.

2. Crystel Structure Studies

a. Zirconium-Deuterium System (N. S. S. Murthy and S. S Sidhu). A syste-
matic study of zirconium-deuterium system in the composition range of 2 to
66.5 atomic percent deuterium shows that the system at room temperature con-
in addition to @ -Zr three nonstoichiometric pheses, (-, &, ¢€). The crystal
structures of the g and the E'phases have been determined by several investi-
gators and are available in literature. The identity, crystal structure,
composition range of existence and the transformation temperature of the
Y-phase were not well known, nor were the mechanisms of transformation of

& -Zr into the ¥-phase, and the Y -phase into the & -phase. Diffraction
studies and metallographic examinations showed that the <Y -~phase was formed
in the composition range 0-10 atomic percent deuterium and coexisted with Z-Zr
at room temperature. There was no evidence of the formetion of the & -phase
in this range. Alpha Zr, > and § pheses sre present in the composition range
10-50 atomic percent D, and the » and & phases in 50-60 atomic percent D. The
»~vhase is tetragonal with aj = 4.586A; ¢ = 4.948% and C = 1.08. There are
four (ZrD) molecules per unit cell having

4 Zr at: 00 0; 1/21/2 0; 1/2 0 1/2; 0 1/2 1/2
2D at: 1/b1/h1/4; 3/4 3/4 3/h
2D at: 1/ 1/b 3/4; 3/4 3/% 1/b.

The mechanisms of transformetion of @-Zr into the Y -phase, and the Y-phase
into the § -phase have been determined. In view of the results obtained in
this investigation an evaluation of the existing concepts of interstitisl solid
solutions of deuterium (or hydrogen) in «-Zr is given.

b. Coordination Compound (M. H. Mueller and S. H. Simonsen). The crystal
structure of disodium tetranitritonitrosohydroxyruthenate (III) 2-hydrate is
being investigated using three-dimensional neutron diffraction data (about 2000
reflections) and zone X-ray data. The crystal is %onoclinic with ag = 12.75,
b - 14,52, cq = 7.373, £ = 121.20, Dm = 2.29g cm”~, assuming four molecules
per unit cell. Systematic extinctions were found for h+k = 2n+l, so that the
possible space groups are 02, Cm, or Ce/m. The N(z) test was applied to the
neutron data and the results clearly indicated the most probable space group
to be C2/m.

The positions of the Ru, O of the hydroxyl, and N's and O's of the NC and NO2
groups were recovered from the three-dimensional Patterson synthesis, using
Buerger minimum functions. The Na's and also the O's of the waters were found
by Fourier methods using X-ray zone data, with signs based on parameters derived
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from the neutron Patterson synthes1s. Two to three cycles of 1.s. refinement
yielded egreement factors, R = T (| Fol-: Foi)/ Z|Fo |, of .28, .16, and .26
for the (h0{), (0k /) and (hkO) zones, respéctlvely The hydrogens will be
located by three-dimensional Fourier methods, based upon the above model, and
the structure will be refined by least squares.

c. Oxides (M. H. Mueller). The crystal structure studies of TioNi, Ti)Nis0,
and Ti)Cup0 have been completed. These.structures are cubic with an ag of
approximately 11. 32 and 96 to 112 atoms per unit cell dependent upon the
percent oxygen. A neutron diffraction study has confirmed the X-ray results
on the relative positions of the Ti and Ni atoms in TioNi and has shown that
the oxygen enters into unoccupied sites existing in the basic TipNi structure.

3. Liquid Metal Studies
LeRoy Heaton and Clifford Thompson

Liquid solutions of cesium and sodium metels over the range of compositions from
pure cesium to pure sodium were studied with neutrons in the temperature range of
-209% to 365°C. The patterns are being interpreted to determine the distributions of
the like and the unlike nearest neighbor atoms in the solutions.

L. Thermsl Neutron Coherent Scattering Amplitudes
M. H. Mueller

Coherent nuclear scattering amplitudes for some of the nuclei have been deter-
mined and are as follows:

: coh.
Isotopic Composition (10-12cm)

igg 0.78
08190 0.90
Os 1.09
0st92 1.34
Te (element) 0.60 (preliminary)
Ir (element) 1.05 (redetermined)

The redetermined value of the amplitude for iridium was based on Ir0Os. The
previous value, b, for Ir was 0.36 x 10-12cm. A continued effort in this area is
planned as elements and isotopes become available.

D. Irradiation Effects in Metals

1. Low Temperature Irradiation Effects
T. H. Blewitt

The high mobility of radistion induced defects requires the utilization of
very low bombarded temperatures for the fundamental study of irradiation damage.
The first phase of this work is therefore the design and completion of low temper-
ature irradiation facilities. These are being built in the CP-5 reactor and will
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allow bombardments to tgmperatuxes as low as 3.5°K ip a thermsal neutron environment
of 1013 neutrons per cm® per second and less than 10 O neutrons per cm? per second
of epithermal or Bigher, or in a neutron environment of 3 x 10 fission neutrons
with less than 10 thermal neutrons. The scope of the research involves a variety
of in situ measurements including stored energy, electrical resistivity, length
change measurements in nonfissile metals such as the noble metals, especially with
regard to dose dependence effects in the high dose regions. The fissile materials
will also be studied, particularly in regard to irradiation growth.

2. Radiation Effects in Anisotropic Solids
B. Loomis

The purpose of this research is the study of the effect of irradiation on

- anisotropic solids. The initial portion of the work has been the study of the
effects of fission fragments (0.1 to 0.3 a/o burnup) on the swelling of B-quenched
uranium alloys. This work is being extended to included alpha recyrstallized
uranium and single crystals of uranium. The properties to be measured are density
and electrical resistivity. Observations of the microstructure utilizing electron
microscopy techniques will also be made. Irradiation induced growth will be studied
utilizing the low temperature facility now being completed in the CP-5 reactor. In
these experiments growth will be investigated in fissile materials, such as uranium
and uranium-doped zirconium and in nonfissile anisotropic materials, such as zinc,
bismuth and magnesium. In the latter case energetic neutrons will be used as the
bombarding particle. Properties to be measured will be length changes in various
crystallographic directions and density.

3. Transmission Electron Microscopy Studies of Fission Fragment Damage in Solids
R. K. Hart and K. Merkle

The purpose of these studies is to determine the mechanism of defect formation
and the nature and number of defects created by fission fragments passing through
the solids. Current experiments have been primarily concerned with the criteria of
fission track formation in a variety of solids including the noble metals, platinum,
and some oxides. Current results indicate that particle size of the thin film plays
an important role in the sppearance of fission tracks. In some instances, usually
in transmission experiments with large crystallities, isolated black spots indicative
of local stress appear instead of fission tracks. Subsequent experiments will ex-
tend current work dealing with the nature of these spots. Of particular interest
will be annealing experiments for the electrical resistivity measured in conjunction
with the transmission electron microscope studies. It is also anticipated that low
temperature studies will also be initiated.

L, ;g;adiation and Solid Solhtion Strengthening Effects of Copper Single Crystals
T. Koppenaal

The purpose of these studles is the investigation of strengthening mechanisms
in copper single crystals using a high sensitivity strain detector to determine flow
stresses. The straindgetector to be used in these experiments is capable of measur-
ing the strains of 10 inch per inch. The strengthening mechanisms to be studied
will be irradiation effects and alloying. In these experiments the yleld stress as
determined from the nonlinearity of the stress-strain curve will be measured. Of
perticular interest will be the study of strengthening in an alloy by irradiation.
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The irradiation experiments will be conducted at bombardment temperatures ranging
down to 4.20K, and annealing studies ranging from this temperature up to 700°K

will be made. At higher temperatures etch pit investigations will be used to
determine dislocation densities and the temperature dependence of the stress required
to activate the dislocation.

5. Effect of Neutron Irradiation on Frecipitation
J. Horak

The purpose of this research is to investigate the effect of irradiation
induced defects on the precipitation process. Although it is intended to study all
of the phases of precipitation, the initial experiments will be conducted on the
study of the decomposition of supersaturated solutions. The samples will be bom-
barded at temperatures below that where normal bulk diffusion can occur, and the
influence of the irradiation generated vacancles and interstitials will be studied.
Aluminum based copper alloys will be the first materiels to be studied. The decom-
position will be monitored by electrical resistivity so that kinetics of the
decomposition as a function of point defect concentration can be studied. Small
angle scattering and electron microscopy will also be used to obtain information in
regard to the structural changes occurring. Subsequent studies will involve alloys
which precipitate a magnetic phase in order to utilize magnetic measurements in the
study of the heterogeneities in the solld solution.

E. Corrosion Research

J. E. Draley

The overall objective of the present program is to understand the mechanism of
the corrosion of metals in water. From time to time the work extends into other
environments such as oxygen and steam, and into the effects of other constituents
dissolved in water. It is believed that in all or nearly all of these cases resis-
tance to corrosion is provided by oxide films which are quite thin, and which are
remarkably tightly bonded to the metal substrate and remarkably resistant to the
to the passage of reactants or reaction products.

The films are not stable in the corrosive environment and suffer various forms
of degradation, which influence and can be said to determine the corrosion resis-
tance imparted by the films. Some of the forms of this degradation are transforma-
tion to more stable crystal structures, breaskdown into well ordered crystallites,
hydration (or hydroxylation) into more stable (in the environment) modifications,
and cracking or bresaking.

A special case of film degradation or damage is that due to hydrogen. Protons
doubtless enter the films from hydroxide adsorbed on the outer surface and are
transported through as part of the corrosion reaction. The permeability and
stability of the film are thus influenced, the nature of the substrate surface is
often affected by the hydrogen formed there, and the hydrogen sometimes ruptures the
film in order to escape.
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1. Electron Optical Study of Surface Reaction Products
R. K. Hart .

One important aspect of metallic corrosion and oxidation is a thorough under-
standing of physical attributes of the metal and structural relationship between
these and the overlying reaction product. Thus a detailed knowledge of the physical
relationship between metal and compound (s) by itself and more importantly tied in
with other investigations such as kinetic studies and electrochemical or chemical
behavior, will lead to a better understanding of the problem.

Flucidation of any corrosion problem is complex because nearly all systems are
"dirty" systems and thus many variable have to be taken into account.

In this program, electron optics is playing its part in clearing up some of the
controversial aspects of the subject, based on observations in the corrosion of
aluminum, iron and steels, and zirconium. The epitaxial and nonepitaxial relation-
ships rather than due to misfit between the two lattices as Originally postulated.
From the number and type of crystallographic features one sees in oxide films it
appears that surface diffusion to favorable sites plays a more important role than
hitherto realized. Another interesting feature that electron optics has brought
to light is that oxide overgrowth is not necessarily dependent on defect structures
at the metel surface and that surface finishing treatments and impurities are often
more important.

2. Oxidation of Zirconium
R. D. Misch

The objective is to determine the mechanism by which a solid reaction product
develops between a metal and a gas. Many features of this mechanism are not under-
stood, in particular for metals such as zirconium. These include the cubic law of
oxidation, transitions from one rate law to another and the dependence of this
behavior on the presence of water vapor. By closely relating the EMF which develops
across the growing oxide scale on zirconium and its structural features the growth
mechanism can be identified.

Measurements of the EMF of the scale formed on zirconium in oxygen have indicated
that the oxidation is equally controlled by ionic and electronic conduction in the
scale. Oxidation rates for & series of alloys in oxygen and steam are related if one
takes into account the emf of the scale. The sccelerating effect of steam on the
oxidation rate of zirconium and zirconium alloys is a minimum if the EMF is low
(e.g. Zr - 2% Fe) and a maximum if the EMF is high (unalloyed Zr). Oxidation in
steam introduces the possibility of protonic conduction in the oxide and hydrogen
absorption by the metal. The EMF results show that the oxidation accelerating
character of hydrogen is minimized by an increase in electronic conductivity.

The interpretation of electrical measurements requires & knowledge of the
homogeneity of the scale which frequently contains cracks and second phases. The
present program is designed to separate some of these factors in the case of zircon-
ium by comparison of the X-ray, metallographic and EMF characteristics of the oxide
scale at critical steges in its development.
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3. The Kinetics of queous Aluminum Corrosion
S. Mori

" The chemicel and physicel aspects of corrosion are being studied as a means
determining the mechanisms of the corrosion of aluminum in water. The presence
of oxide films and the local nature of the reaction indicate that rate control is
related to local degradation and repair of corrosion product oxide. Determination
of the amount of metel corroded, the weight of the adherent corrosion product, and
the amount of product lost to the water permits calculation of the composition of the
corrosion product coating.

Careful measurements have shown that during two periods the amount of corrosion
of "commercially pure" aluminum varies with the logarithm of time. Between these
two periods, there i1s a break upward in the corrosion curve. The logarithmic
behavior has been interpreted in terms of alternate film growth and breakdown, with
the latter perheps induced by the accumulation of corrosion product hydrogen beneath
the protective film.

The break in the curve depends on surface preparation and contamination of the
water close to the corroding surface. Measurement at a distance of 0.1 mm from the
surface has shown pH values as high as 10.2 and as low as 1.5 in water which is quite
pure in the bulk. The reactions responsible for this are being sought.

4. The Aqueous Corrosion of Alumlnum Alloys at Flevated Temperatures
W. E. Ruther

The use of rapidly flowing water as a corrodent is proving to be a valuable
tool in elucidating the mechanism of aluminum corrosion at elevated temperatures.
Environmental effects, which are either absent or lost in the experimental errors
in static water, become very important in dynamic corrosion. Explaining these
effects should provide a better general understanding of the interactions at the
water-aluminum oxide interface during corrosion.

Corrosion tests have been completed in which different aluminum alloy systems,
oxygen levels, analyses of flowing stream solids, surface areas, flowing path length
and changes in stream temperatures have been variables. From the results of these
tests it has been tentatively postulated that precipitation and adherence of a
colloid (usually but not alweys a form of aluminum oxide) on the outer surface of
the protective oxide film is essential to a low aluminum corrosion rate.

The source of the collold is assumed to be the neutralization of alkaline
(or acid) streams (carrying the sluminum in a soluble form) issuing from cracks and
fissures in the protective oxide. This mechanism seems to have validity for the
corrosion of aluminum under other conditions as well.

In current tests, colloidal species are inJjected just upstream of the aluminum

specimens and the effects on the corrosion rate are measured. The deposition of
corrosion products as a function of position in the loop are also being studied.
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5. Polarization Studies
J. E. Draley

Since the processes occurring during aqueous corrosion involve the transfer
of charge, the interrelationships between overall current flowing, the potential,
and the corrosion rate ellow the deduction of the important steps in the corrosion
reaction. Variation of the basic parameters while making the measurements should
make it possible to deduce the roles of the various processes in controlling cor-
rosion.

Methods of measurement have been developed end polarization curves have been
determined for almost 20 pure metals in boiling distilled water. Work has begun
on determining fundamental curve shapes for reactions on aluminum, and the deduc-
tion of corrosion mechanisms from polarization curves.

F. Physical Ceramics Research

1. Dislocations and Neutron-Induced Defects in Oxides
P. F. Stablein

The purpose of this research is the study of the interaction of point defects
and dislocations in oxides. The initial work in this research is concentrated on
the study of neutron irradiated magnesium oxide single crystals. The investigation
of the interaction of dislocations with irradiation induced defects was studied
using dislocation etching techniques on samples deformed by bending and by hardness
identetions. Analyses of these in conjunction with slip line traces were made to
.determine dislocation generating stresses and dislocation movement stresses. Anneal-
ing phenomena have also been studied. This work will be extended to include addi-
tional annealing experiments so that the annealing kinetics can be determined.
Studies of dose dependence and the dependence of the energy of the bombarded particle
on the mechanical properties of Mg0 will also be undertaken. It is anticipated that
cobalt, nickel and iron oxides will be investigated in the subsequent phases of this
research. Of particular interest in the case of iron oxides will be the study of
nonstoichiometry on dislocation generation and mobilities.

2. Determination of Work Functions
C. A. Arenberg .

The purpose of this work is the accurate investigation of the work functions
of both metal and ceramic material surfeces. These will be measured by the utili-
zation of a field emission microscope. This technique enables the determination to
be mede to a high degree of accuracy, as clean regular surfaces can readily be
prepared in the microscope. The variation of the work function with the crystal
face will also be measured. Initial work is concerned with platinum and gold to
establish reliability of method, to be followed by studies on ceramic material
surfaces.

30



3. The Effect of Surface Defects and Topology Upon the Catalytic Activity of Solid
Oxides
M. L. Volpe

The purpose of this research is to determine quantitatively the relative impor-
tance of structural factors of ceramic materials in catalysis. Most investigations
on catalysis by solids have stressed the importance of the electrical properties of
the catalyst. Of those that have been concerned with the effect of crystal struc-
ture on catalysis there have been only a few om which the catalyst surface has been
well defined and they involved metallic rather than ceramic catalysts.

Since experiments on powders have indicated that in the Mg0 catalyzed decomposi-
tion of N,O structural factors are more important than electronic ones, and theory
has supported this contention, this reaction was chosen for the present work. Thin,
single crystal wafers of MgO having well-defined surfaces will be used; the reaction
rate will be measured as & function of crystallographic orientation, surface density
of both point and line defects, and surface roughness. Surfaces will be prepared by
both cleavage and by mechanical polishing followed by chemical polishing. The crystals
will be annealed &t elevated temperatures in an ultra high vacuum. After annealing,
controlled amounts of point defects will be introduced by irradiation; dislocations
will be produced by mechanicelly stressing the crystels. The dislocation density will
be measured by selective etching; the point defect concentration will be estimated by
hardness impressions. Electron-microscopic examination of the surfaces, both before
and after reasction, will be made.
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1. Optical and Spin Resonance Properties of Single Crystals - Color Center Research
C. J. Delbecq, G. Kuwabara, F. Phelps, S. Susman and P. H. Yuster

Studies are being made of the optical, electron spin resonance, electrical,
thermal and photoconductive properties of doped and undoped elkali halide crystals
after low temperature irradiation with ionizing radiation. The purpose is to elu-
cidate the role played by the hole and hole traps as well as by the electron and
electron traps in determining the characteristics of the defect centers and their
inter-relations. Certa